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AHA1.YSIS  OF  HEARIY  SlrtULTAHEOUS  X-RAY  AND  OPTICAL 
0SSE8VAT10HS  OF  ACTIVE  GALACTIC  NUCLEI 

By 

Jwies  Raymond  Webb 
Major  Departoanc:  Ascrcnomy 

Rosenuary  Hill  opcloal  and  EINSTEIN  X-ray  obaervaclona  of  a aaaple 
of  16  activa  galaccic  nuclei  (AGN)  were  reduced  and  analysed.  Sevency- 
cwo  x-ray  obsarvaclons  of  cheee  sources  were  reduced,  nineteen  of  which 
yielded  spectral  informacion.  Of  Chase  apeccral  obsarvaclons, 
significant  hydrogen  column  danslcles  above  the  galactic  value  were 
required  for  nine  of  the  active  galactic  nuclei.  X-ray  variability 
was  dacectad  in  alght  of  Che  eleven  sources  which  were  observed  more 
chan  ones  by  EINSTEIN. 

Correlations  between  the  x-ray  and  optical  luninosicles  were 
Inveaclgaced  using  Che  Jefferys  method  of  least  squares.  This  method 
allows  for  arrors  in  both  variables.  The  results  indlcaca  a strong 

sample.  Division  of  the  sample  into  groups  with  similar  optical 


vArlfibillcy  oharaccerlstics  show 
warioble  ACN  srs  more  highly  oorrolsted  chan  Che 

Infrared  and  radio  observaclcna  were  coieblned 


less  vlolencly  violent 
Che  violently  variable 


iCe.  Therefore  Che  results  were  found 
r frequency.  Four  aourcea  required 

iC  one  individual  source,  023S+164,  required  differenc 

enlccing  regions  for  the  aourcea  oodelled  ranged  froia  O.b  parsec  Co  1.0 


peraoeter  are  difficult  c 
as  a function  of  the 


different  t 


CHARER  1 
INTSODUCTION 


:iva  GalActle  Nuclei  <AGN>  bee  Dade  algnlflcant 
ten  yeere,  pclaarlly  due  Co  the  advent  of  x-ray 

dloulcanelty.  Host  ACN  are  variable  In  every  frequency  band  observed, 
so  aulci-frequency  observaciona  nusc  be  aede  aa  nearly  aiaultaneoualy 
as  poeelble.  Sluulcaneoue  obeervaclons  are  noccrleualy  difficult  to 
obtain  becauee  each  frequency  band  requires  different  instruoents,  some 

In  this  research  we  have  combined  optical  observations  of  AGN  made 
with  cha  76-cn  reflecting  telescope  at  Rosemary  Hill  observatory  CRHO) 
vlth  x-ray  observations  froD  the  EINSTEIN  x-ray  observatory.  We  have 
attempted  to  assemble  a set  of  nearly  simultaneous  x-ray  and  optical 

approach  was  taken  In  Chapter  III.  An  alternative  approach  la  Co  look 
at  individual  objects  and  model  their  aultlfrsquancy  spectra.  The 


Chapcer  11  deacrlbea  the  data  reduction  pcocedurea  uaed  CO  reduce 

obaervaciona  eonalacently.  Alee  In  Chapter  II,  Che  individual  objecca 
baaic  conclualona  of  chia  reaearch  and  au^eata  dlrectiona  for  further 


includea  quaaera,  BL  LacerCae  obJecCa,  N-galaxiea,  and  Seyfert 

probably  enlt  x*raya  at  aoae  Incenaity  level. 

Quaaace  ere  dlatln£ulehed  by  their  broad,  redahifted  eniaaion  linea 
euperlinposed  on  Che  underlying  pcvet'lav  concinuue.  About  ten  percent 
of  ell  quaeare  are  acrong  radio  aourcea;  Che  reaalning  quasaca  are  aa 

exhibit  large  anplltude  optical  variability  while  the  cadlo.quieC  group 
exhibit  only  Dodeat  optical  variability.  A radio  luainoalcy  of  10^^ 
erga/aac  la  the  dividing  point  uaually  uaed  Co  diaclnguleh  between 
radio-loud  and  radlo.qulac  quaaare  (Ku,  Helfand  and  Uicy  19B0).  Moat 

loud  quaeara,  with  the  notable  exception  Chat  they  lack  broed  enlealon 


axtrea«ly  rapid,  high  aapllcude  opclcal  variaclond.  Alchough  enlsslgn 
lines  ere  rarely  datecced,  many  6L  Lacs  have  absorpclan  lines  in  chair 
opcicel  spectra  frcm  irtiich  redshifcs  can  ba  obcainad,  Eiacenciy  seme 
falnc  amission  systems  have  been  idancifiad  in  a few  BL  Lacs;  the 
redshifcs  of  chase  lines  era  larger  chan  chose  of  Che  absorpeion  line 


spiral  galaxies,  respectively,  but  have  brighc,  quasar*lihe  nuclei. 
These  brighc  nuclei  send  co  be  Incrlnsicaliy  falncar  chan  Che  ciasaical 

The  resemblance  Chat  cha  outer  regions  of  N-cype  and  Seyferc  galaxies 
bear  Co  normal  galaxies  and  chac  their  bright  nuclei  bear  to  quasars 
suggests  an  evolutionary  sequence  between  normal  galaxies  and  quasars. 

i nebulosity  with  apeccrai  properties  resembling  young 


scrangchans  the  case 

The  evidence  that 
more  convincing  as  mt 


ind  Green  1982) 


9 observations  of  various  types 
sources  are  made.  The  most  popular  model  for  Che  compacc  cores  of 

coiTvertlng  a large  percentage  of  this  accreced  mass  into  energy, 
gravitational  energy  of  che  infalling  particles  is  converted  I 


I both  Che  hole  and  the  diak.  Particle 

Che  eacape  funnel  are  ooac  likely  reeponelble  for  the  power  law 
eonclnuua  seen  In  AGN  (Blandfotd  and  Zna^ek  1977) . Maeaive  black  hole 

central  core  of  ACN.  If  one  Incerpreca  che  large  redahlfts  measured 

1987) , Although  this  evidence  la  Incereaclng.  Ic  la  not  compelling; 

redahlfce.  The  lack  of  blue  shifts,  Che  measucenenc  of  similar 

properclee  from  active  galaxies  throu^  quasars  ell  provide  convincing 

distance  through  Hubble’s  relation  (Veedaan  1986).  In  this  research  ve 
will  use  the  measured  redshlfcs  as  Indicative  of 


CHAPTER  II 
OBSERVATIOHS 


Hill  0b9«rvaCDry  (RHO)  in  chi 
EINSTEIN  x-ray  telescope.  Thes 


RHO  uaacec  lisc  with  che  chlrH  edition  EINSTEIN  observing  cacalog. 
The  reliability  of  optical  calibrations  was  a further  restriction. 
Only  EINSTEIN  Imaging  Proportional  Counter  CIPC)  and  High  Resolution 

freiiueney  responses  end  are  reliably  calibrated.  These  restrictions, 
although  Halting  Che  number  of  sources  involved,  assured  Che  data 
could  be  consistently  reduced  and  compared. 

Table  1 lists  the  thlrcy-slx  sources  selected  for  this  stuffy. 


optical  observations  were  made  respectively.  Emission  line  redshlfcs 
were  used  whenever  available  and  che  presence  of  dashes  In  column  2 
Indicates  that  no  redshlft  is  known  for  chat  source.  Seme  sources  were 
observed  more  chan  once  with  Che  EINSTEIN  observatory. 


OFTICAk  MT68 


2135-14 

220ftt42 

2216-03 


12/19/80 

1/02/80 

7/23/80 

7/22/80 

3/06/80 

9/06/79 

6/06/80 

10/09/80 

10/26/79 

5/02/80 

6/14/80 

5/19/79 

11/20/79 

6/20/79 

6/30/80 

7/29/79 

2/10/80 

2/10/81 

8/07/80 

7/25/79 

7/25/79 

10/08/80 

7/22/79 

7/21/79 

10/17/79 

5/10/80 

5/10/80 

11/05/79 

6/08/80 

6/15/80 

5/24/79 

6/09/80 

11/24/79 

12/05/79 


12/05/80 

1/08/80 

7/23/80 

7/22/80 

3/06/80 

9/19/79 

3/06/80 

10/09/80 

10/22/79 

3/15/80 

4/17/80 

5/27/79 

11/17/79 

6/20/79 

7/06/80 

8/01/80 

8/15/79 

7/28/79 

7/26/79 

10/08/80 

7/22/79 

7/21/79 

10/17/79 

5/20/80 

5/11/80 

11/05/79 

6/08/80 

6/15/80 

5/30/79 

6/11/80 


scandards.  Many  BHO  obaervera  havt 
callbraclan  aaquancaa  chrou^ouc  ch 


a litaratura  or  caXlbratad  ac  {toaamary 
20‘year  hlatory  of  tha  Donlcoring 


c avaluatlon 


calibration  curva  to  C' 

(Pica  1982). 

acandard  scara  around  cha  calibration  curve 
procedure  haa  recently  been  re-exanined  a 
eetinatlon  of  errora  by  Pica  at  al.  (1987). 

SoDC  aourcaa  were  obaerved  in  Che  incamacional  photographic  aysten 
(PC)  and  oeheca  in  tha  Johnaon  8 color  ayacan.  Convecalon  of  the  PC 
observationa  to  8 nagnitudaa  vaa  dona  following  Lu  (1972)  and  involved 

Before  nagnicudea  can  be  converted  to  flux  incident  on  our  galaxy, 
galactic  abaorption  and  eaiaaion  line  eontrlbutiona  suet  be  taken  into 
account.  The  eaiaaion  line  correctlona  were  calculated  by  Che  nachod 
of  Sohnidt  (1988)  which  ia  ahovn  in  equation  (2*1). 

/b(v)  X S(v)  dv 


The  v'a  in  equation  (2*1)  repreaent  frequency.  The  trananiaaion 
function  S(v)  for  the  B color  ayateo  was  cahulaced  by  Hacchewa  and 


S&Tt6Ag&  (1963),  and  che  ei^uivalent  widths  of  cha 
ware  obtalnad  from  Fica  <19S2)  and  HewiCC  and  Futbldge  (1987). 

In  an  afforc  Co  reduca  the  cpcical  and  x-ray  daCa  conslscencly,  the 
previously  used  aac<z)  lav  of  galacclo  axclncclon  has  been  abandoned  in 

hydrogen  and  gaiaxy  count  studies  of  burscaln  and  Hailes  (1982).  Their 
reddening  values  account  for  the  variable  gas-co-dust  ratios  seen  in 
different  directions  of  Che  Galaxy  and  provide  reddening  to  an  accuracy 
of  0.01  magnitude.  The  B-band  extinction  was  calculated  from  the 


(2-2) 


In  some  cases  Che  x-ray  observations  indicated  a significant 

computed  from  the  excess  column  density  using  the  expressions  relating 
the  hydrogen  column  density  to  reddening  from  Burscein  and  Hailes 
(1976),  and  equacion  (2-2).  Equation  7 in  Burscein  and  Heilea  assumes 


E(B-V) 


).OOOA&3 


i-3) 


Once  the  Incrlneie  reddening  wee  celculeCed,  the  ft-bend  intrinsic 
two  sources,  BL  Lac  and  AO  0235+164,  were  unreasonably  high,  with  E(fi- 

oucside  the  range  seen  in  ocher  sources.  This  alone  Lsplied  an 
rejecting  or  revising  this  aechod  for  calculating  the  intrinsic 

0,00  and  0,50  (HacAlplne  1965),  Actual  enlssion  line  studies  for  the 


scale  Che  highest  intrinsic  E(B-V)  found  in  our  x-ray  obeervecions  down 
Co  Che  observed  liaic  of  0,5,  This  scaling  resulted  in  acre  rsssonsble 
optical  fluxes  for  the  three  sources  where  intrinsic  hydrogen  coluan 
densities  were  indicated  by  the  x-ray  spectra, 

A possible  explanation  for  the  excessive  extinction  determined  froa 


Che8«  sources  is  probably  difforenb  froa  chs  galacclc  value  on  which 
equation  C2‘3}  ia  baaed.  Also,  tiacAlplne  suggests  chat  the  extinction 
propecties  of  Che  dust  in  ACM  aay  differ  froa  chose  of  galactic  dust. 

reaalns  an  assumption  based  psiaarlly  on  the  ealssion  line  studies. 


Optical  Flux  Conversion 


f(obs>  - 4.A4  X loa5-0-m/2-5. 


(2-5) 


The  flux  f(obs)  is  in  units  of  aillijanslcys , and  Che  constants  were 
taken  froa  the  work  of  Johnson  (1966).  Ue  converted  to  che  source  rest 


In  equation  (2-6),  a is  the  optical  spaccral  index  and  a is  the 
redshifc.  The  spectral  index  for  each  source  was  calculated  by  fitting 


Conversion  re  Ijuilnn.ltv 

In  order  to  compute  a luainosity  in  che  rase  fraae  of  che  source, 
we  ausc  assume  a cosmological  model  and  an 


redshifc.  As  (llscu5S«d  in  the  incraducclon,  we  assuned  che  meaeured 
radshlfca  of  spectral  lines  (eolsslon  Lines  when  evalleble}  ere 
cosaelogical  shifts  and  indicate  the  distance  to  the  source.  Ue 
further  assuiaed  a Friedasnn  cossology  with  the  Lualnoslty  distance 

A - (lo-ls  qo'^CSo  • 1)1(1  n 2,0*)®  * • I).  (2-2) 


The  luainosicy  is  then  releced  to  the  flux  by  equatlcn  (2-9), 


different  values  of  qo  and  Ho  (Webb  1965)  indicate  specific  choices  of 
these  paraaeters  do  not  significantly  alter  correlative  results.  In 
view  of  this,  we  examined  only  Che  case  with  qg  “ 0.0  and  Ho  - 55 
ko/Hpc-iec. 


y.rav  Data  Aegiilsltlen 

The  X-ray  observations  analyzed  In  this  research  were  all  made  with 
Che  EIHSTEIH  x-ray  observatory.  The  HEAO-2  satellite  was  launched  In 


1978  and  waa  In  operation  until  lata  1981.  The  Celeacope  consiaced  o. 
introduced  into  Che  light  path.  Three  loage  disaeccor  star  tracker. 


td  on  Voltar  type  1 geoeacry; 


The  high  reaoluclon  nlrroc  a 
eleient.  The  EINSTEIN  nlrror 

at  0.29  KeV  and  30  square  cancimetars  at  4 KeV,  Fucthac  details  about 
the  Dlrror  era  published  In  Van  Speybrock  (1977), 

The  focal  plane  Inscruaencs  which  ace  of  Incaresc  here  are  the 
Inaglng  proportional  eotmcec  (lEC)  and  the  high  resolution  lieager 
(KRl).  The  two  Instruiuncs  ace  briefly  described  in  the  next  two 


The  IPC  Detector 

The  IFC  detector  was  a gas  proportional  c 
pressurized,  density  regulated  stlxcure  of  argon 
planes  of  cathode  wires  were  sandwiched  around  a 


he  resolution  o 
Che  accuracy  ii 


I the  loceclon  and  the  energy  o£  Che 


the  special  ceerdlnace 

phocens.  Technical  paraieecera  end  perforaance  eharaecerisclcs  can  be 
found  In  Schtler  (1978),  Sleecont  «t  al  (1979)  and  Borenscotn  et.  a1 . 
(1976).  The  uncercalnclee  In  flux  Deasureaence  ac  flrec  processing 

The  reprocessing  of  all  IPC  dace  reduced  Che  flux  uncercslncy, 
Hadejskl  and  Schvarcs  (1988)  esclnaced  Che  flux  uncercalncy  for  high 
count  race  observations  of  OJ  287  and  PK8  073S+178  as  6Z,  They 


In  lov  counc  observations,  however, 
of  energy  channels  and  uncercalncy 
larger  errors  In  flux  esclnacion.  1 
a later  section. 


other  factors  such  as  quantisation 
In  detector  on/off  times  lead  to 


The  HR!  Pececcor 

The  H8I  was  a oulcl'Channel  place  detector  consisting 
of  tubes  separated  by  38  microns.  The  X'rays  reflected  fi 
ac  an  angle  between  S and  2.8  degrees.  They  scrucfc  Che 


production.  The  phoCoelectrona  c 


. first  Bulcl- 


degreea.  The  separation  between  Che  two  channel  places  allowed  Che 
phocoeleccrons  from  Che  first  stage  Co  be  spread  ever  several  second 


channel  place  ecniek  an  anode  grid  which  was  connected  Co  aaplifiera. 
These  anpliflers  decarnlned  Che  posicion  and  energy  of  the  inicial  x* 

can  be  found  in  Kellogg,  Henry,  Hurray  and  Van  Speybroeck  (1976). 

for  obtaining  hi^  quality  x<ray  maps.  The  broad  band  HRI  flux  was 


calculate  t1 
IPC  obaecvaciona  f 
Che  spectral  and  column  denaicy  parameters  derived  f 


I observationa. 


X-ray  Flux  Converalon 
The  primary  reduction  of  the  x- 
Harvard-Smlchsonian  Center  for  Aacrophysles  (CPA)  in  Cambridge, 
Maasachuaacca . The  facilities  at  CPA  included  sophlsclceced  programs 

apeciflcaCions  of  the  detectors.  Second  level  programs  fitted  model 

and  the  hydrogen  column  density  as  adjustable  fleeing  parameters.  The 

determined  by  a chi-square  minimisation  algorichm.  Equation  (2-10) 


M„(£l.E,)/’«xpt-  g(8>  X Nhl  X gl-g  dE 
S(Ei,E2)  - (2-10) 

T /a(E>  X expt-o(E)  X Nh)  X E«  dE 

The  net  counts  betveen  energies  Ei  and  E2  are  represented  by 
No(Bi,E2).  and  T Is  Che  effective  exposure  cine.  The  cross'secclon  for 
neutral  hydrogen  is  ofc) , the  hydrogen  coluisn  density  is  Nh.  and  the 

where  is  the  photon  energy  index. 

noise  ratio  chan  Che  ocher  three  channeis.  The  flux  was  caicuiated 


deCeraine  Che  spectral  parameters  and  Che  ocher  observations  were 
reduced  using  these  parameters. 

Once  the  broad-band  fliuc  was  determined,  the  monochromatic  flux  at 
broadband  flux  is: 


FCO. 5-4.5)  - /F(v)“ 

In  equation  (2-U),  the  F( 
incegraced  betveen  the  limits 


(2-U) 

: frequancy  v am 


assumed  che  flux  is  a power  law  tn  frequency  with  Index  so  equecion 
(2-LlJ  becomes: 


F{0.5-<.,3) 


Inco  equaclcn  (2‘13). 


P(2  fc 


(2-U) 


The  spectral  index,  cc^, 
oonochrcmaclc  flux  but  cannot  be  determined  in  some  of  the  X'tay 
observations.  Vhen  no  spectral  index  was  svalleble  from  Che  spectral 
fit.  the  canonical  spectral  Index  was  assumed. 


Canonical  x-rav  Spectrum 

pover'law  spectral  distributions  with  an  index  of  0.7e/‘0.1  (Hushotzky 
at  al.  1980,  Hushotzky  and  Harshall  1980,  and  Hushotzky  1982).  The 

of  all  ACN,  regardless  of  intrinsic  lumlnoaity.  Later  fINSTfIN 

"universal*  spectral  Index  was  shown  to  be  too  simpllstio  when  a number 

Wilkes  and  Elvis  (1986)  reported  that  Che  soft  x*ray  slopes  of  30 


quasars  suggeeced  a diversity 


Lawrence  (1985)  shewed 


e-ra^  spectral  Indices 


Obviously  Che  beet  way  Co  determine  che  x*ray  epeccral  Index  for  an 

distribution  to  the  data.  Hany  observations  had  such  low  count  rates 
chat  little  if  any  spectral  infonsaclon  was  available.  In  these  cases, 
the  X'tay  flux  was  coapuced  ixsing  Che  canonical  spectral  Index  of  0.7. 
This  Is  Che  only  viable  approximation  possible  until  longer  and  mora 
senslcive  observaclona  of  these  sources  can  be  made. 

The  lack  of  spectral  infornaclon  also  prevented  independent 


Spectral  Indices 

Several  types  of  spectral  Indices  are  used  in  x 
first  type,  encountered  In  equation  (2-10),  is  celled  che  photon  a 
Index.  This  Index  Is  che  slope  of  a power  law  fit  Co  che  count 
per  energy  bin.  The  symbol  for  Che  photon  energy  index  Is  (se^ 
2-10).  Another  index,  usually  called  che  x-ray  spectral  index,  re 
the  log  of  che  x-ray  flux  Co  che  log  of  che  frequency  at  which  che 
Is  measured.  The  photon  energy  Index  la  simply  1.0  larger  chan  t 
ray  spectral  Index.  The  x-ray  spectral  Index  is  usually  denoted 


Canaral  spectral  Indices 
defined  by  equation  (2~14J ; 


frequency 


log(F?/Fi) 

«12  - 

log(''2/’'l) 


(2-14) 


the  frequency  band  centers.  These  spectral  Indices  are  coieioonly  used 
In  Bultlfrequency  studies. 


IPC  Ecfcrs 

Uncertalntlea  are  present  In  Che  calctilacion  of  both  the  flux  and 
discussion  was  taken  prinarlly  from  Hadejskl  and  Schwartz  (1968). 


Flux  Detemlnaclon  Uncertainties 

The  najor  source  of  systenatlc  error  in  converting  frcn  count  races 

central  part  of  the  IPC  detector  (where  nose  of  Che  observations 
analyzed  here  were  nade)  Che  gain  was  well  calibrated.  The  RHS 
dispersion  of  the  gain  (in  units  called  &AL,  which  were  deteruined  from 
a eallbraclon  source)  is  0.13  In  this  calibrated  area.  If  the  source 


uiraercalncy  is 


arises  from  the  tine  variation  of  gas  ( 

The  pressure  was  closely  nonlcoced 
precision  of  O.IS  B&L  (Madejski  and  Schvarta  19S8) . 
made  within  Che  central  callhraced  region,  Che  C0C4 

uncertainties  of  0.61  BAL.  We  followed  Madejskl  and  Schwartz 

of  Che  distance  off  axis. 

The  flux  detemined  fron  best  fit  spectral  paranecers  varies 
about  az  as  Che  gain  varies  by  0.6  BAX..  Ocher  sources  of  error  can  . 

The  count  rate  staclsclcs  also  adds  uncertainty  to  the  f 

systesatlc  error  In  quadrature  to  decemlne  the  total  uncertainty 
Che  flux  observations. 


Spectral  Paraneter. 
Hadejski  and  S> 


the  cclunn  density  of  0.1.  A gain  variation  of  0.6  BAl,  catised 
variations  In  Che  speccral  paranecers  of  0.2$.  These  uncercainclas 


respecclvely. 


staclscicsl 


unefircalntl«s  In  the  fitting  achene  was  examined  by  Avni  (1976).  The 
90t  confidence  region  in  either  parameter  Is  found  by  adding  4,6  to  Che 
minisun  chi-aquare  value  and  Chen  finding  the  chi-square  contour  of 
chia  value,  Tha  4,6  is  for  a modei  with  two  fitted  parameters. 
Although  the  software  which  produces  the  contour  diagrams  was  not 

by  interpolation  of  the  chi-square  tables  in  the  IPC  ourpuc.  These 

parameters  in  Che  following  sections. 


HR!  inatrumenc  v 
a determining  the 


primarily  « 


I imaging  device,  the 
as  well  studied.  The 

HRI  uncertainty,  A total  of  six  HRl  observations  was  used  and  they 

different  from  Che  IPC  observations.  This  observation  i 
ti  devoted  Co  3C  361, 


Individual  Sources 

The  K-rsy  and  optical  observations  of  each  source  ace  described  in 
the  following  sub-sections.  The  sources  are  listed  in  ri^t  ascension 


ord«r.  All  referances  Eo  eBtasion  llrtaa  and  aalaalon  line  vidchs  are 
froD  Pica  (198S)  tmlaaa  ataEed  ochervlae.  Slnilarly,  all  redahifc 
rafarencaa  are  from  HewltE  and  Burbidge  (1987)  and  all  galaoEie 
hydrogen  coluan  denslcias  are  fron  Stark  et  al.  (1986),  The  E(B*V) 
valuea  for  all  aoureaa  were  taken  froa  BuraEeln  and  Hellea  (1982).  All 

otherwlae . 

The  individual  x*ray  obaarvaElnna  are  Idencifled  by  their  aequenee 
number  which  refera  to  the  EINSTEIH  fourth  edition  catalog.  An  )1  after 


The  Seyfert  galaxy  0007-*-10,  eoaannly  referred  to  aa  I112W-2,  baa  a 
neaaured  redahifc  of  a - 0.089,  Thla  optically  active  aouree  haa  been 
obaarved  regularly  froa  RHO  since  1978,  The  optical  observations  of 
0007+10  were  corrected  for  hydrogen  ealealon  lines  at  5102,  4861,  4340 

of  Intrinsic  extinction.  An  optical  spectral  Index  of  1.75  was  used  to 

The  optical  observation  Bade  on  Che  night  of  12/05/80  was  Che 
closest  optical  aeasurenent  Co  Che  EINSTEIN  x-ray  observacion  of 
12/19/80.  An  Inspection  of  Che  optical  light  curve  around  that  data 
showed  IIIZU<2  near  Its  nean  brightness  level.  It  experienced  a long 


brightness 


of  B - 1&.3  In  lats  X97B.  Subssqusnt  obssrvsclcns  showed  s 0.8 
Bsgnitude  flickering  around  8 “ 15.8  for  Che  next  3 years. 

The  x-ray  obeervacion,  wlch  an  effective  exposure  time  of  3.7 


denslcy.  The  besc  fit  power  lev  was  characterized  by  an  x-ray  spectral 
Index  of  1.5(0. 5)  and  a coluom  density  of  3.182(1.0)  x 10^^  acoms/UB^. 
The  nunbera  in  parentheaes  are  90Z  confidence  uncertainties.  The  2 KeV 
flux  denslcy  incident  cn  our  galaxy  calculaced  froe  the  best  fit 
spectral  paraaecera  was  3.17(0.27)  X 10'^^  ergs/cx^-sec-Hz.  Appendix 


The  neastired  hydrogen  ccluem  denslcy  in  our  galaxy 
1968)  was  snaller  chan  the  colunn  density  decenained  ( 
speccrun.  The  discrepancy  in  the  coluan  densities  is 


(Scark  et  al. 


0035*12 

This  source  la  a BL  Lacercae  type  object  which  has  no  oeasured 
redablft.  The  x-ray  observation  was  nade  on  1/2/60  and  Che  object  was 

in  a SDsll  nunbar  of  counts  (19*/-8).  Since  no  spectral 


infomiAtion  was  available,  the  canonical  apeccral  Index  of  0.7  and  the 
galactic  colunn  denalcy  were  used  Co  calcxilace  the  x*ray  flux.  The 
DonochroDaclc  flux  denalcy  at  2 KeV  vae  1.9(,58)  x 10*^^  ezgs/cx^'sec' 


This  eccong  radio  source  la  a BL 
0.444.  The  only  measured  ealssion  1 
source  has  been  monitored  at  KHO  a 
7/21/BO  vas  made  only  hours  before  the  x-ray  observation. 

The  S.l  hour  x-ray  cbeervatlon  yielded  21S  counts,  and  the  power- 

vas  found  Co  be  greater  Chen  the  galactic  value  measured  In  the 
direction  of  Che  source.  The  resulting  x-ray  flux  density  vas 
1,41(0.14)  X 10'^^  erga/co^-sec-Hs.  The  optical  flint  was  calculated 
with  an  optical  spectral  Index  of  1.4,  and  an  extinction  of  0.56 

extinction. 


0215U164 

Optically  violent  variable  AO  0215+164  la  a Lacertld  with  an 
emission  line  redshlfe  of  0.94  (Hewitt  and  Burbldge  1987).  It  exhibits 
a steep  optical  speccruD  with  an  Index  around  1.0.  The  optical 

observations  per  week  during  Its  observing  season. 


f 0233tl64  vece  nadc 
e observations  were  aade  with 


ilch  the  EIBSTEIS  x- 
IS  IFC,  and  spectral 


A nuBber  of  observations  o 
reaaareh.  All  of 

Indices.  Hereafter,  all  observations  are  referred  Co  by  their  sequence 
nunber  which  denotes  their  order  in  Che  E1NSTEIK  Ath  edition  observing 

decemlne  Che  spectral  index  and  hydrogen  column  density.  This 

all  of  the  other  023S4-16&  X'tay  observations  as  well. 

The  best  fit  power  lav  to  observation  9283  had  a slope  of  1.6(0. 2) 
and  required  a hydrogen  column  densicy  in  excess  of  the  measured 

intrinsic  dust  of  1.6  magnlcudes  was  used  Co  correct  Che  optical 
magnitudes.  Table  3 gives  the  Julian  dace  and  flux  for  each 
observation  of  0233+164.  Column  1 of  Table  3 lists  Che  Julian  dace  of 
chs  beginning  of  Che  x<ray  observation  and  Column  2 gives  Che  sequence 

with  Che  cocal  error  in  parencheses . Column  4 lists  the  delay  time 
<DT>  between  the  X'tsy  and  optical  observation  in  days.  Columns  3 and 


TABLE  i. 

AQ  023S*16t  X-RAT  OBSERVATIOBS 


{-2,400,000) 


SEQ.# 


FLUX  DENSITT  DT  COUNTS  LIVE 

(DAYS)  TIME 


2.24(0.37)  7.0 
1.73(0.26)  20.0 
3.66(0.30)  0.0 
2.80(0.63)  4.0 
4.01(0.31)  14.0 
3.81(0.38)  IS.O 


4340.9 


0470-01 

This  quAsar  is  an  optically  vlolanc  variable  (Uebb  at  n1  . 1988) 

a - 0.915.  The  x-ray  observation  was  loade  the  saoie  day  as  the  optical 
saasureaant  and  caiM  five  aonths  after  a aajoc  optical  flare. 

The  short  x-ray  obaervatlon,  514  sec.  registered  only  31.3  */•  6.2 
counts  over  8 channels.  Poor  counting  statistics  prevented  a 
significant  spectral  fit,  so  the  canonical  spectral  Index  of  0.7  was 

this  observation  Is  1.41(.28)  x ergs/ca^-sec-Hz . 


30  120 

The  extreaely  variable  Seyfert  galaxy  30  120  was  observed  by 
EINSTEIN  five  Claes  during  1979  and  1980.  The  optical  cbservarlons 
were  made  using  short  exposure  Claes  and  fixed  Iris  aechods  to  nlnlnlse 


fll . I98S).  During  che  1979  x-ray  obaervacions,  3C  120  w 
opclcal  alAinun,  A sdbII  optical  outburst  (about  0.8 
ocourrad  In  early  1980,  and  It  was  still  bright  for  the  8/18/80  x-ray 
observation. 


observations  ylalded  slDllat  spectral  indices;  1.63(0.1}  for  8330, 
1.38(0.23)  for  8331,  and  1.30(0.46}  for  81939.  Since  che  uncertainty 
In  establishing  the  spectral  Index  was  larger  than  the  variation  in  the 


observations,  ware  reduced  using  che  value  of  1,38  for  che  spectral 


TABLE  a 

3C  120  X-RAY  OBSEBVATtQNS 


FLUX  DENSITY  DT  COUNTS 
(xlO-2®}  (DAYS) 


1.30(0.09) 

1.30(0.08) 

2.02(0.12) 

1.16(0.07) 

1.01(0.07) 


effect. 


observation  has  a vary  high  count  rate  so  It  is  unlikely  chat  this 
deviation  Is  merely  statistical. 


NRAO  190  is  another  OW  quasar,  which  has  been  monitored  at  SHO 

magnitudes  and  rapid  fluctuations  In  excess  of  2 Dagnitudas.  TSao 
strong  emission  lines  with  redshlfts  of  0.83  are  present  In  the 
specerun  of  this  source.  The  Clll  line  at  1909  angstroms  and  Che  Hg 
line  at  2769  angstroms  were  subtracted  from  Che  optical  flux.  The 
optical  spectral  Index  Is  1.00,  The  optical  reddening  determined  from 
Che  gursceln  and  Kelles  maps  was  0.03. 

after  Che  nearest  optical  observation  of  3/6/60.  This  x-ray 
was  5.34(1.05)  x lO'S!  erga/cm^.sec-Hm . 


07351-17 

PKS  0735+17  is  a well  known  Blatar  chat  has  shown  optical 
variations  exceeding  three  magnitudes  (Webb  at  al.  1966).  Urry  (1984) 


made  on  the  same  night  that  optical  exposures 
one  x-ray  observation,  sequence  number  3695,  ha 
counts  Co  reliably  decemlne  the  spectral  p 


EIUSTEIN 


fipeetrAl  Indftx,  2. 5(0. 3).  v«b  4lBO  used  to  reduce  Che  ocher 
observeclons.  The  flcced  coluAn  density  was  larger  than  Che  galactic 
value.  Indicating  Incrlnsle  ahaorptlon  for  this  source.  The  resulcs  of 
Che  x-ray  observaclona  for  0735+17  are  listed  In  Table  5. 


PKS  0735+17  X-RAY  OBSERVATIOMS 


(-2,400,000) 

43971 

44329 


3 la  one  of  che  Ohio 


Che  x-ray  obsarvacton,  was  correcced  for  an  ealaslon  line  of  HG  II  at 


279B  angscroxs  and  galacclc  reddening  S(B-V)  of  0,03.  The  magneslua 
line  has  a redshlfc  of  t - 0.63. 

The  x-ray  observation  registered  only  6.4  counts  per  channel,  so 


01  090  4 

Another  Ohio  radio  source, this  BL  Lacetcae  object  has  no  Dsasured 
source  was  optically  bright  when  the  x-ray  observation  was  xsde  in 


April  o£  1979,  six  days  sfcsr  Che 
Since  Che  x-ray  obaarvacion 
coapuce  a flux  denaicy  of  &.9(1,3)  : 


waa  of  Insufflclenc  quality  Co 
Che  canonical  apectrua  waa  uaed  co 
X 10*^^  erga/cn^-aec-Ha, 


0846*51 

ae  1549  and  1909  angaccona.  The  optical  apecccal  index  la  1.61  and 
Buracein  and  Hailed  gave  a reddening  value  of  0.0  in  che  direction  of 
chia  source. 


The  x-ray  obaarvacion 


obaervaciona  w 


IPO  detector.  A 
c-Hn  vaa  calculated 


QJ  187 

This  popular  and  veil  studied  BL  Lacercae  aource  has  a cedahifc  of 
0.306  and  an  optical  spectral  index  of  0.98.  Optical  otonicoring 
acudies  show  chat  this  source  is  variable  over  a five  aagnicude  range, 
although  little  activity  was  observed  between  1979  and  1981. 

sinilar  hydrogen  coluon  denaicies,  Che  flux  differed  by  a factor  of 
5.3.  This  variation  is  roughly  an  8o  effect.  Table  6 shows  Che  dates 
and  results  of  the  x-ray  observations  of  OJ  287, 


OBSERVATIOMS 


FLUX  DENSITY  DT 
(*10'^“)  (DAYS) 

5-78(0.35)  150.0 

1.10(0.07)  2.0 


Th«  second  x-rey  observscion,  159A,  was  Bade  Jusc  two  days  befose 
cbe  source  was  observed  from  RHO.  UnfortunaCely.  the  nearasc  optical 


090fr<^ll 

PKS  0908+01  la  a quasar  with  an  eaLsaion  ILna  cadshifc  of  1.018, 
The  strong  Hg  II  line  at  2798  angsccons  and  the  weak  line  of  C 111  were 
subtracted  froB  the  observed  brightness  to  obtain  the  continuum 
brightness.  An  optical  spectral  Index  of  0.70  was  used  to  convert  D 
magnitudes  to  DOnochromstic  flioe  at  2500  angstroms  in  the  rest  frame  of 
0908+01. 


observation  of  5/27/79.  1 


ray  observation  yielded  a 


HarlcArlAn  621  Ifl  an  alllptlcal  galaxy  with  an  aslsalon  line 
radshifc  of  0.031.  Optical  axpoeuraa  vara  linlcad  Co  2 mlnucaa  Co 
reduce  Che  concanlnaclon  of  Che  nuclear  conclnuuo  by  Che  galaccic 
conponenc.  Fixed  irle  cesce  showed  Chat  linicing  che  exposure  ciae  was 
sufficient  Co  reeccicc  che  nebulous  concribucion  Co  values  less  chan 
cha  noraal  phocographlc  errors. 

The  power  law  fit  yielded  a speccral  index  of  1.25  and  che  hydrogen 
colidsn  density  was  consiscenc  with  no  intrinsic  or  Intervening  gas.  A 
2 KeV  flux  density  of  3.45<0.2)  x 10*^^  ergs/ca^-sec-Hz  was  deCeralned 


Co  be  an  acyplcal , high  iualnoeicy  quasar.  Optical  variability  studies 
showed  chat  this  quasar  varies  over  a one  oagnlcude  range  while 
exhibicing  outbursts  of  several  cenchs  of  a nagnicude  on  ciaescales  of 

were  made  wichin  three  days  of  SHO  opcical  observacione.  An  x-ray 

lists  che  fluxes  and  errors  calculated  for  each  observation. 
Observation  569H  was  originally  reduced  at  SAO,  but  subsequent  analyeie 


Dr,  Daniel  Harris  o£  S 


incorrecc.  The  observation  v 
' at  the  author’s  request,  but 


IC  273  X-RAY  OBSERVATIOHS 
SEQ,#  FUK  DENSITY  DT 


8.38(0.51) 
5.51(0. 34) 
4,78(0.29) 
8.63(0.53) 


1308<-32 

Only  one  x*ray  obeervaclon  of  this  8L  Lacercae  source  was 
available.  A redshlft  of  0,996  was  listed  by  Hewitt  and  fiurbidge 
(1986)  for  this  optically  active  source.  A 2.5  magnitude  optical 
outburst  occurred  in  aid-1980  close  to  the  epoch  when  Che  x-ray 
observation  was  made.  The  closest  8H0  optical  neasuretienc  to  the 
6/30/BO  x-ray  measuremenc  was  made  on  7/4/80,  a delay  of  five  days, 

minutes.  Only  336,1  counts  were  recorded,  so  a reliable  chi-square 


10’^*^  ergs/cm^-sec-Hz , It  is  unfortunate  chat  Che  x-ray  observers  were 
not  aware  of  the  dramatic  optical  activity  of  1308+32,  Several  x-ray 
observations  at  this  optically  active  epoch  could  have  provided 


00  178 


Wa  reduced  two  x-ray  obaerveclens  of  chis  high  redahifc  (Z-3.S3) 
quasar;  both  obaervaclona  vere  xada  wlrhln  four  days  of  the  opclcal 
obaervaclon  of  7/26/79.  Neither  x-ray  observation  was  of  sufficient 
quality  Co  daceraiine  Che  spectral  parameters.  The  x-ray  results  are 


X-RAY  OBSEUVATtONS 
IX  DENSITY  or 


actively  aonicored  ai 
variability  range  ol 
activity  in  I960  whei 


ishlft  (z  - 0.36)  quasar  c 
.y  observation  was  made. 


The  source  was  observed  by  EINSTEIN  eight  days  before  the  2/1S/80 

registered  only  192(13.0)  counts.  Because  thla  low  count  race 
prevented  a spectral  fit,  Che  flux  density  was  calculated  from  the 


AP  LIBRAE 

AP  Librae  is  an  optically  active  BL  Lacertae  object,  but  has  a 
measured  redshifc  of  z * O.OA9.  This  object  lies  in  a highly  reddened 


E(B-V) 


he  X‘tey  observaclone  were  c 
epeccral  paranecera  wlch  any 
Che  four  x-ray  observaclona , 


aufflclenc 


1 observatlone  show  c 


signs  variation  t 


A Lacercid  with  no  eniasion  lines.  L53f-I-14  was  observed  with 
EINSTEIN  six  days  after  It  was  observed  at  SKO.  Essentially  no  optical 
extinction  la  seen  In  the  direction  of  this  souroe. 

The  low  x-ray  count  rate  prevented  the  chi-square  fitting  procedure 

spectrun  gave  a flux  density  of  7.S3<0.79)  x 10'^^  ergs/sec-cn^-Hx. 


3C  34S 


ces  sore  chan  2 nonths  avay  frga  any  KHO  optical 
a la  aurpcialng  given  Che  frequency  this  source  la 
A reddening  of  E(B-V)  - t 


obaerved  at 

HG  II  at  279B  angstrome  vas  used  to  correct  t 


and  an  emission  line  o 


ay  obeervaclona  2060  and 


TABl.B  in. 

3C  345  X-RAY  OBSERVATIOWS 


2060  2.73(0.23)  12.0 

2061  2.99(0.26)  78.0 

3696  3.36(0.26)  60.0 


quality  x-ray  observation,  this  ' 
x-ray  observations.  The  best 


:he  beat  fit  x-ray  spectral  index  of 
5696.  Because  this  was  Che  highest 


m<  quasar  vaa  abservad  aight  claaa  aich  cha  EINSTEIN  x-ray 


TABLE  11. 

3C  351  X-ltAY  OBSERVATIONS 
SEQ.#  FLUX  DENSITY  DT  COUNTS  LIVE 

(xlO-31)  (DAYS)  TIKE 


!.43(l.i6)  73.0 
i. 79(1. 02)  «.0 
1.78(0.80)  8.0 
1.77(2.00)  3.0 
1.45(0.71)  3.0 
1.78(0.48)  11.0 
1.28(0.98)  70.0 
’.33(1.53)  70.0 


arciflclslly 


a raduetion  Sallad  to  reveal  an  obvloue  error,  so  we  have 
I point  in  Che  analysis. 


PKS  1727-fiO  Is  a Ucertld  with  a redshlft  of  0.03S.  Clptical 
obsarvaciona  were  made  vlthln  two  days  of  both  x*ray  observations.  No 

density  neasurentencs.  The  x-ray  observations  are  given  in  Table  12. 
The  spectral  parsneCera  were  determined  from  observation  200S. 


TABLE  12. 

1727+50  X-RAY  OBSERVATIONS 


Two  optical  observations  contaDporanaoua  with  x-tay  observations  shoved 
a 0.4  magnicuda  variation.  The  variability  Implied  by  these 
observations  Is  examined  more  closely  In  the  next  section. 

1749*09 

This  quasar  was  observed  at  RNO  the  sane  night  EINSTEIN  was 
amount  of  reddening,  E{B-V)  - O.IS,  was 


reduced  using  Che  csnonlcsl  X'Cey  speccrua,  and  Che  resulclng  flux  wee 
S.S8{l.d}  X 10”^^  ergfi/c9^-see-Hz. 

previous  source,  cha  canonical  speecrel  parenecers  were  used  co 


exhibits 


Is  given  by  Kewltc  and  Burbldge  (1986)  and  a small  amount  of  reddening 
was  seen  by  Buraceln  and  Hailes  <1962).  This  Is  another  source  chat 
wee  observed  sloultaneously  In  the  optical  and  x-ray  bands.  A flux  of 
2.13(0.29)  X 10'^^  ergs/cm^-sec-Hz  was  derived  from  66  counts  using  Che 
canonical  spectral  index  of  0.7  and  the  galactic  column  density  In  Che 

simultaneously  at  x-ray  and  optical  frequencies. 


OV-236 

This  quasar  has  a redshifc  of  0.353  and  is  a strong  radio  source. 
The  optical  flux  was  computed  using  an  E(B-V)  of  0.9  and  an  intrinsic 


sufficient 


reddening  of  E(B-V}  - 0.4.  The  x-cey  observation  was  of 
quality  to  deternine  an  x*ray  spectral  index  of  l.Bl.  The  flux  vas 
calculated  using  this  spectral  index  and  a fitted  eolunn  density 
consistent  with  extragalactic  absorption.  The  calculated  flux  density 
was  7.03(0.6)  x 10~^^  ergs/cn^'SeC'Hz.  The  X'tay  observation  was  made 


PKS  2126-12  is  a quasar  with  a redshift  of  z - 0.301.  The  optical 
observation  was  corrected  for  two  strong  enission  lines,  one  at  2796 
sngstroas  and  Che  other  at  43AQ  angstrons.  There  is  negligible 
reddening  in  the  direction  of  this  source  (Burstein  and  Hailes  1982) . 

resulting  x-ray  flux  density  was  2.19(0.17)  x 10"^®  erge/cn^-sec-Hz. 


2135-U 

This  quasar  has  a redshift  of  0.20  end  an  optical  spectral  index  of 

4340.  one  at  4861  and  a line  at  5007  angscroas.  An  E(8-V)  of  0.03  was 
used  to  redden  Che  optical  xagnitudee. 

An  excrexely  long  x-ray  exposure,  12,901  secooda.  resulted  in  a 


fitted  spectral 


density 


2155-30 

PKS  2155-30  is  a Lacercld  vlch  a redshlfc  o 
observacions  of  chls  aourca  vera  avallabla  and  al 


PKS  2155-30  X-RAY  OaSERVATlOWS 

iEQ-#  nine  DENSITY  DT  COUNTS 

<X10‘2’)  (DAYS) 


2200M2 

PKS  220OM2,  comonly  callad  BL  Lacarcae,  was  tha  otiglnal  Lacarcid 
typa  AGN.  It  haa  a radahift  of  0.066  but  no  eBleslon  lines  Co  affect 
Che  optical  concinuun.  This  source  has  been  observed  at  RHO  for  17 
years  and  haa  ahown  rapid  variations  over  a two  aagnitude  range.  The 

in  this  study.  An  intrinsic  E(B-V)  of  1.5  is  found  if  one  assunes  the 


gas  to  dust  ratio  in  the  source  is  the  seise  as  in  our  galaxy.  This 
aasuspclon  led  an  Co  unrealistic  luDihoalcy  for  Chia  already  luDlnoua 
source,  so  the  £(g>V}’e  uere  scaled  as  discussed  in  the  optical  data 
reduction  section.  This  led  to  an  B(5‘V)  of  0.5  which,  although  still 
high,  is  believahle  in  light  of  enisslon  line  studies  of  other  high 
luBlnosiey  AGN.  The  x-ray  flux  was  1,66(0,151  x 10'^^  ergs/sec-CD^-Hz. 

2101*31 

The  optical  nagnitude  for  this  source,  with  a redshlft  of  0.257  was 
corrected  for  seven  enisslon  lines.  The  strongest  lines  were  three 
hydrogen  and  two  oxygen  lines  (Pica  1962). 

was  observed  at  BKO.  The  low  count  x-ray  exposure  was  reduced  with  the 
canonical  spectral  index  and  the  galactic  colunn  density  appropriate 
for  its  direction.  The  calculated  flux  was  5.66(0.56}  x 10'^^. 


2216-03 

days  after  the  x-ray  observation  was  nade.  The  opclcal  nagnitude  was 
corrected  for  two  enisslon  lines,  C III  at  1909  angaerons  and  HC  II  at 
2796  angstrons.  Koderate  galactic  reddening,  E(B-V)  - 0.03,  was  also 

parasiecers  and  yielded  a flux  of  7.91(1.3)  x 10'^^. 


ft  Is  a vall'knovn  apcically  vlalant  variable  wbleh,  v] 
like  a SL  lac  objaet.  Ic  is  a high  redahifc  objacc  w 


resulting  flux 


Ibis  quasar  has  a radshift  of  1,03, 


prasanc.  but  a ai&all  aaount  of  galactic  reddening  with  £(B-V)  - 0.03 
was  used  Co  cooputa  the  optical  flux  density.  The  x*ray  observation  was 
not  of  eufflclanc  quality  to  deteralne  Che  spectral  paranecera,  so  the 

1.57(0.14)  X 10’^®  ergs/cm^'SeC'Hs.  The  time  delay  between  the  x-ray 
end  optical  observation  was  eight  days. 


2345-16 

eniasion  line  at  279S  angstroms  and  very  little  reddening,  E(B-7)  — 
0,01,  Again,  as  with  the  previous  object,  Che  one  x-ray  observation 

The  flux  calculated  by  assuming  Che  canonical  x-ray  spectrum  is 
6,67(1.33)  X 10'^^  erge/cm^.cm-sec.  The  time  delay  between  Che  x-rey 


dansicy  calculationa 


optical  and  x*ray  apaccral  Indlcea  raspactlvaly.  Some  of  the  x*ray 
apaccral  Indlcea  Hated  In  the  fourth  column  are  followed  by  aaterlska. 
Theae  aaterleka  algnal  that  the  obaervatlona  were  of  low  quality  and  no 
apectral  Information  waa  available.  The  adopted  X'ray  apeotral  indlcea 
are  therefore  the  canonical  value  of  0.7,  The  correapondlng  hydrogen 
column  denalclea  are  the  galaeclc  valuaa  maaaurad  In  the  dlrecclon 

of  10^*^  atons/cn^.  Intrlnalc  or  Intervening  hydrogen  abaorptlon  la 
Indicated  by  an  aaceriak  following  Che  column  denalcy.  Finally,  the 
logs  of  Che  flux  densities  In  units  of  erga/cn^'SecKz  are  In  Columns  6 


and  7.  All  of  Che  observaclons  are  ploccad  in  Figure  1.  Both  Che  X- 
ray  flux  density  ac  2 KeV  and  Che  opcioal  flux  density  at  2SOO 


Incrinsle  Column  Denalclea 
r spectral  fits  of  nine  sources  indicated 
e larger  than  Che  galactic  value.  T 
Che  eouroea  which  required  incrinsio  column  deneicies,  C 

column  density  determined  from  the  x*ray  apeccra. 
the  fitted  column  denalciaa  are  lisced  in  column  S 


TABLE  U 


3HTIWUE0 


SOUKCE 

3C  351 
3C  351 
3C  351 
3C  351 

1749+09 
3C  371 
2128-12 


OPTICAL  FLUX  (2500  A) 


-24 


ALL  OBSERVATIONS 


X-RAY  FLUX  (2  K#V) 


Figurft  1,  The  xrey 
pLected.  The  log  of 
opcioal  flux,  both 
represent  one  slgna  e 


i optical  flux  observaclona  f 


d>n«lcy 


073M7 


220IM2 


EXCESS  CQUWH  DESSITIES 


GALACTIC 


( A 


FITTED  UNCERTAIUTV  E(B-V) 

Nh  IN  FITTED  EXCESS 

( X 1020)  Kh 


{+U.B1/-9.23)  0-457 

<-t-18.99/-l-S.6)  0.149 

C197.6/-37.8)  1.158 

(+2.84/-0.21)  O.OOS 
(♦1.75/-0.98)  0.000 

{+44.I1/.22.9)  1.280 

(*3.64/-2.27)  0-000 

(+1.62/-0.31)  0.000 


X-Ray  VartAbUltv 

Avldence  chat  Che  quasar  OX  169  varied  sl^iflcancly  in  che  x-ray  band 
on  closscales  of  several  hours.  Vorrsll  ec  al.  CI979)  found  chat  3C 
273  also  exhibited  significant  x-ray  vsriebilicy,  bur  on  tinascales  of 
nonchs.  HcHsrdy  (1985)  concluded  chat  radio-loud  quasars  are  more 


likely 


BXOSAT.  Medlui 


qiusars  studied  by  Harshsll  at  al  . (1981)  with 

(days)  variability  vaa  ssen  In  a fav  Sayfarca  and  quasars,  but  vary 
llccla  clalng  Inforbation  la  available  Cor  Chase  claiescales.  Thara  are 
Indlcaclona  that  rapid  variability  (seconds)  is  also  present,  but  a^ain 
nora  aopMacieacad  detaccora  and  nora  obsarvaciona  are  naadad. 

The  data  presented  in  Tables  3 through  13  can  be  used  to 
Invaeclgaca  the  raalitlas  of  X'ray  variability  in  chase  11  aources.  We 

The  Clrac  condition  Is  chat  Che  excreoe  flux  meaauceaenta  Bust  differ 
by  at  lesBC  3o,  We  determine  this  by  slaply  subtracting  the  faintest 
flux  froa  the  brlghtesc,  and  dividing  by  their  errors  added  In 
quadrature.  The  second  condition  la  that  Che  variations  exhibited  by 
the  data  oust  give  a chl-aquace  probability  Chat  Che  source  Is  variable 
of  over  9SX,  Table  16  gives  the  results  of  the  variability  enalyals, 
Tha  first  tvo  ooluims  list  the  source  nane  and  the  total  nunbar  of  X' 
ray  observations  svsllsbla  for  chat  source. 


TABLE  16. 

X-RAT  VARIAMLIIY 


1727+50 

2125-30 


bri^cesc 


whether  the  source  ssclefies  both  crlterie  for  variability,  a Y leeaning 
yes  and  an  N aignifying  chat  it  doesn’t.  Seven  out  of  the  eleven 
aouroes  show  x-ray  variability  according  to  eur  definition.  The  x-ray 
flux  curves  are  shown  in  Figures  2 through  12  along  with  all  of  the 
Boseoary  Kill  data  around  the  x-ray  observation  daces.  These  plots 
illustrate  Che  relative  activity  in  both  bands.  In  each  figure,  the 

the  lower  panel  shows  the  optical  light  curve,  also  in  alllijanskya , 

Figure  2 shows  the  flux  curves  of  AO  Q23S+164,  A series  of  obvious 
optical  flares  are  present,  representing  a factor  of  five  change  in  the 

variation  of  a factor  of  five,  the  tine  delay  between  the  x-ray  flare 
and  Che  optical  flare,  which  peaked  on  J,  D,  44536,  is  101  days,  A 
sinilsr  x-ray  and  optical  flare  separated  by  a tine  delay  was  reported 
for  Che  OW  quasar  llSS-tfBS  by  Webb  and  HcHardy  (1985),  In  that  esse, 

optical  aaxlna  in  Figure  2 correspond  to  17*^. 17  and  17*. 09, 
rsspseclvaly , while  Che  faintest  point  correapooda  to  19*, 9.  A 
variability  cast  of  the  optical  data  gave  a laaxlmun  optical  variation 


FLUX  (mJy)  FLUX  (mJy) 
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Figure  2.  The  »-ray  and  opcieal  flux  curves  of  AO  0235+164.  The  X-ray 
obeervaclona  ace  fcoa  Table  3 and  che  optical  obaarvaclona  ace  all 
photographic  observations  Bade  at  ELoaenary  Kill  observatory.  The 

optical  and  x-ray  fluxes  respectively. 


FLUX  (mJy) 


0-005 


3C  120  X-RAY 


5£  3C 


Th«  x*ray  and  opclcal  flux  curvas  of  3C  120  ara  shown  In  Ftsura  3. 
labia  IS  Indlcatas  che  x*ray  variation  Is  significant,  and  a cast  of 
cha  opclcal  data  Indicates  it  is  also  varlahla.  Tha  upward  trend  of 


.1  variation 


genaral  rise  1 


variable  with 
opclcal  flux  1 


t reflected  In  ct 


Only  two  x-ray  points  ■ 
aignlflcanc  variability.  Th 
optical  flux  did  not  show 


ere  reduced  for  QJ  227,  but  tha^ 
flux  curves  are  shown  in  Figure  5 
ilgnlflcant  variability  during  th! 


t chl-squara  case  gave  a probability  of  >931,  but  che  largest 

Observations  of  30  273  made  with  the  HEAO  1 Inscrumane  (grade  at 
al . 1979)  shoved  significant  x-ray  varlabilicy  on  ciaescales  of  monchs . 
Tha  x-ray  data  from  Table  7 are  plocced  In  che  upper  panel  of  Figure  6 
and  che  BHO  obsarvaclons  between  3.D.  2,013,200  and  2,114,200  ara  shown 

exhibited  aignlflcanc  variability.  Neither  che  x-ray  nor  che  opclcal 
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of  D735*17. 


FLUX  (mJy) 


8.0E-- 


'}  .1  i 


44000  44100  44200  44300  44400 

JULIAN  DATE  (-2,400,000) 


Flgur« 


FLUX  (mJy)  FLUX  (mJy) 


1.2E:-2 


1.0E-2 
8.0E-3 
6.0E-3 
4.0E-3 
2.0E-3 
0.0 

40.0 

30.0 

20.0 
10.0 

0.0 

43800  44000  44200  44400  44600  44800 

JULIAN  DATE  (-2,400.000) 


i . I 

^ ilit 


The  x-ray  flare  seen  in  Figure  7 is  noc  significant  at  the  3a  level 
far  OQ  172,  The  optical  variation  ie  etaclBtically  significant,  but 
the  paucity  of  data  prevents  any  real  variability  cooclusiona. 

Figure  6 showe  Che  x-ray  and  optical  flux  curves  of  AP  Libra,  and 
both  curves  are  acaciacically  variable.  Without  the  point  at  J,  D, 


Variability  tests  indicate  Che  x-ray  flux  of  3C  34S  in  Figure  9 is 
constant.  The  optical  variacicns  during  the  sane  tins  interval  are 
scactacically  significant  by  both  casts.  The  optical  flux  curve  seens 
to  reflect  a conacantly  increasing  brightness  level  with  nild 
fluccuacions  superinpossd. 

The  flux  curves  of  the  quasar  3C  331  are  shown  in  Figure  10,  The 
optical  flux  curve  is  not  variable  by  either  test,  The  x-ray  light 
curve  shows  one  point  nuch  brighter  than  Che  others.  This  point  is  the 
HRI  observation  discussed  earlier  in  Che  3C  331  subsection.  If  we 
leave  this  point  out  of  the  variability  analyses,  the  source  is  still 
variable,  although  the  variation  is  leas  significant. 

Figure  11  shows  the  x-rsy  and  optical  flux  curves  of  1727+50,  The 
x-ray  variation  is  significant  by  the  cbl-squara  test  but  represents 
only  a 2,7o  variation.  The  optical  variations  are  significant  and  show 
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(Figure  12) 


SlgnlClcanc  variations  are  see 
of  21SS-30.  The  optical  flux  cu 
scaclstlcal  criteria.  The  chance 


the  dranacie  x-ray  "anti-flare" 


an  optical  event  following 
ue  to  the  position  of  Che 


Out  of  the  elx  BL  Lac  sources,  four  exhibited  x-ray  variability, 
e two  others  showed  no  evidence  of  x-ray  variability-  Two  of  the 
y variables  showed  no  evidence  of  optical  variability.  One  of  the 


is  questionable.  The  lone  Seyferc  galaxy  showed  both  optical  and  x-ray 
variability  of  6,7o  or  more.  The  x-ray  variability  tiiuscale  for  3C 
120  was  1.4  years,  trtille  Che  optical  cimescale  was  150  days.  Of  the 
four  quasars,  three  exhibited  optical  variability  and  two  showed  x-ray 
variations.  The  optically  non-variable  source  (3C  351)  shoved 
significant  x-ray  veriabllicy. 

X-ray  variation  cisiascales  ranged  froo  1.4  years  (30  120  at  4.9a) 
to  1,0  day  (4,6a  variation  of  0235-1-164),  Both  rapid  x-ray  flares,  as 
seen  in  0235+164  and  30  351,  and  long  Cera  variations  such  as  that  seen 


!.  Conparlson  of  Che 
tlaescales  present  in  the  x-ray  flux  curves  Co  chose  in  optical  flux 
curves  suggests  chat  Che  sane  physical  processes  could  be  responsible 

The  above  analyses  show  that  studies  of  this  type  can  yield  valuable 
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Figure  12.  The 


)f  2155-30. 


Infornacion  if  Che  x*rey  end  optical  observecs  coordinece  choir 
obeervacions  properly.  The  cine  delay  becween  x<ray  and  opclcal  flarea 
seen  In  0235*cl64  ahova  chac  even  ainultaneous  obaervationa  nay  be 


deceiving. 


PraviouB  Results 

eiuialiie  Che  x-raj  pcopecclea  of  AGN.  Tananbaum  et  a1 . (1979)  obaerved 
35  pcevioualy  kiwwn  quaaaca  and  decernlned  an  average  or  "effeccive*  X' 
ray*opclcal  spectral  Index  of  1.27+/‘0.07  for  chelr  sample.  The  x-ray* 
optical  spectral  Index  is  defined  as  the  slope  of  a line  connecting  the 

U).  Krlss,  Canltaras  and  Ricker  (1980)  observed  37  Seyfeic  galaxies 
and  found  a significant  correlation  between  Che  B*bend  conclnuum  flux 
and  cha  x-ray  flux,  Ku.  Helfand  and  Lucy  (1980)  dececced  x-ray 

ranged  from  10^^  Co  10^^  ergs/sec.  These  sources  have  many  propercles 

x-ray-opclcal  slope  for  the  radlo-qulec 

.dence  for  lumlnoslcy  evolution. 

1 Krlas,  Canisares  and  Ricker  (1980)  also 
I large  number  of  Seyferc  galaxies.  They 


lO'^  and  lO'*^  ergs/sec.  Ih( 

Tanai^aum  et  al  . (1979)  a 
studied  Che  x-ray  emission  of 


found  strong  corroXstlons  between  Che  optical  and  Che  x-ray  enisslona, 
aiollar  Co  chose  found  in  quasar  studies, 

found  corrolaclona  between  Che  optical  and  x-ray  eniasion  of  chase 

Bluaenchal.  Keel  and  Hiller  (1982)  found  that  x-ray  eniasion  is  a 
function  of  optical  luninoslty  Co  che  O.f  power.  They  also  found  an 

Che  Ku  at  al . results. 

<u  (1981)  detected  x-ray  emission  from  Lacercids 
id  quasars.  Tananbaua  ec  al . (1983)  examined  33  3CR 
che  x-rey  luminosity  la  a function  of  che  optical 


magnitude.  The 
The  effaces  o 


(1988)  concluded  chat  virtually  all  quasars  are 
et  al.  (1986)  reported  57  detections  out  of  68 

EINSTEIN  detectors. 

x-ray  variability  on  x-ray-opeleal  correlations  are 


to  bach  optical  and  x-ray  variability.  Nearly  all  ACK  show 
variability,  end  some  exhibit  rapid  (days)  flares  exceeding  one  Co 
three  magnicudes  (Pica  ec  al . 1980  and  Webb  ec  al . 1988).  Webb  (1985) 


■ ubscantifil  efface  on  x-ray*opcleal  cocralaclona.  Vactablllty  cs 
cause  a difference  In  Che  aeaeured  versus  exponent  of  D.26.  Thi 
can,  In  cum,  alcer  Che  eoncrlbuclon  to  the  x-ray  background  fron  AC 
by  a faccor  of  100.  Webb  also  analyzed  a 26‘Source  subset  of  tl 

correlation  chan  the  original  sanple.  This  resulc  Indicated  chat  tl 
correlations  would  be  acre  meaningful  If  variability  could  be  cake 


In  chls  research  we  have  atcempted  Co  acquire  and  reduce  all  x-ray 
obaervations  of  AGN  made  contemporaneous  with  RHO  optical  observations. 

which  were  not  precisely  slmulcansous.  Another  advantage  of  chls  data 
set  is  chec  Che  optical  and  x-ray  observations  were  analyzed 
conslscencly  with  each  other.  Inspection  of  Che  x-ray  and  opclcal 
light  curves  presented  in  Chapter  II  suggescs  a time  delay  between  Che 
x-ray  and  opclcal  varlacions.  Bregman  ec  al . Clddd)  detecced 
correlated  x-ray  and  opclcal  variabllicy  In  3C  UUi  with  liccle  doe 

our  observations  for  a doe  delay.  Even  with  cheae  uncertain  non- 
slmultaneous  events,  ws  expect  our  data  ro  show  a significantly  higher 


Cerralatlon  Prectdur«a 

and  deternlna  Che  besc  valued  of  the  aodel  pacaoecers.  In  chia 
reaeareh  we  uclllae  two  different  algorithms  In  order  to  determine 

<1969).  The  sub-program  9ECRES  was  vriccen  in  FORTRAN  IV  and  all 

in  Bevington  (1969),  The  fitting  procedure  allowed  weighting  of  the 
dependent  variable  ueing  instruoencal , scatisrical  or  coneranr 
weighting.  The  program  was  used  exclusively  in  Che  instrumental 
weighting  node,  which  weighted  each  observation  with  the  inverse  of  its 
error  squared. 


(3-1 


In  equation  <3*1)  X represents  Che  Independent  variable  and  Y Is  the 
dependent  variable.  To  calculate  che  correlation  coefficient,  ve  re* 
evaluate  che  solution  to  equaclon  (3*1)  with  Che  Independent  and 
dependent  variables  Interchanged.  The  new  parasiecers  are  a’  and  b'. 
The  linear  correlation  coefflclenc  Is  Chen  defined  as: 


The  linear  correlation  coefficient  cakes  on  values  b 

The  correlation  coefficient  r should  not  be  used  by  itself  to 
compare  che  degree  of  correlation  between  two  sets  of  observations  with 
different  degrees  of  freedom.  To  compare  che  degree  of  correlation  In 
samples  with  different  degrees  of  freedom,  the  correlation 

by  constructing  a parent  population  of  completely  uncorrelacsd  data 
with  che  same  number  of  degress  of  freedom  as  che  original  sample.  The 

uncorralated  sample  Is  then  calculated.  Bevlngcon  <1969)  describes  che 
details  of  this  procedure  and  the  subroutine  PCORAE  calculates  the 
probability  that  an  uncorrelaced  sample  would  exhibit  a correlation 
coefflclenc  as  high  or  higher  chan  che  one  obtained  from  che  original 
dace.  This  probability,  properly  called  che  incegreced  probability  of 
r,  Is  che  best  esclmace  of  che  degree  of  correlation  found  In  che  data, 


Jo££ery9  (I960),  19  4 nori'llnesr  nechod  u 
fom  of  tha  equatlona  of  condition,  Tha  e 


e paraaetecs  a 
aathod,  davalopad  by 


correlated.  Hie  Jefferya  method 


tog(F»)i  - *211-1.  <3-‘‘) 

LoB<Fo)i  - *21.  ‘ - I »■  '3-5) 


aquation 


*(a)  - 0, 


(3-S) 


coefflclenta 


linear  aquation; 


- n - “2  * ■ ®’ 


(3-7) 


g'(«)r, 


(3-9) 


wher«  x'  is  defined  me  x v.  This  quantity  is 
partial  derivatives  of  (3-9)  with  respect  Co  t 


ero.  The  nornal  aquations,  with  partial  derivatives  v 

f,'(x',a)»  - 0.  (3-10) 

«)»*  + ga®(«)r  - 0,  (3-U) 

- 0,  (3-12) 

0.  (3-13) 
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Tha  double  prlaee  ere  Left  off  the  eubeorlpced  verlebles  in  the 
(3. IB) 


- (3-201 


The  nev  reslduele  are  uaed  to  adjust  the  observations  end  conpuCe  nev 
paraoeter  valuea.  The  procedure  la  repeated  until  the  residuals  are 


The  algorlthii  was  coded  tn  FORTRAN  IV  by  WiUIea  Cooke  (1987) 


in  Cbepter  II, 

The  Jefferys  aethod  Is  an  iterative  procedure  which  requires 
for  each  of  the  paraDeters.  Paraoeter  values 


atartlng  values 


Jafferys  fits. 


I Bavlngcon  fits  were  ueed  as  starting  values  for 
he  iteration  process  was  repeated  until 
I 0.0001.  The  principal  advantage  of  tl 


inverse  of  Che  slope  calculated  assuning  Che  x-ray  flux  is  Che 
independent  variahle.  Least  squares  fits  which  allow  error  in  only  one 
variable  ate  not  invertible.  One  ausc  either  specify  which  variable 

IS  by  Chanan  (1983)  indicate  Che  x*ray  flux  is  Che  prinary 

Che  independent  variable  in  discussing  correlaclons . We  quoCe  nose  of 
the  results  using  the  x-ray  flux  as  Che  independent  variable,  alchough 
Che  BavingCon  correlaclons  were  done  with  Che  x-ray  flux  as  both  Che 
independent  and  the  dependent  variables. 


Cerrelaclon  Sannle 

The  x-ray  and  optical  data  suisiiiarized  in  table  14  ' 
sanple  for  correlation.  The  sample  Is  not  cooplece 


there  Is  no  basis  Co  selecc  a particular  se' 


Thirty-six  sources 
ray-opclcal  pair.  Sii 

The  observations  were  divided  into  subssoples  whose  oeabers  share 
comnon  characcerlsclee.  Theee  suhsaoples  are  useful  in  investigating 


OW  SubsaeiDle 

violent  variable  objects.  The  five  OW  quasars,  0420-01,  NRAO  190,  3C 
fC  251  and  30  446,  are  grouped  with  Che  OW  Seyferc  galaxy  30  120. 
Honitoclng  at  RHO  showed  all  of  these  sources  to  be  OW's.  Ho 
Lacerclda  are  Included  In  this  saople,  although  sone  Lacerclds  exhibit 
OW  varlablllcy- 

BIAZAR  Subsaanle 


0846*51,  OJ  287.  130B+32,  AT  LIBRA,  3C  345,  3C  351,  3C  371,  1727*50,  3C 
371.  2155-30,  2200*42  and  3C  446. 

MOW-OVV  SubsMclt 

The  HOH-OTV  aubaaapl*  eoncalna  12  quaaara,  tha  Sayfart  galaxy 
0007*10  and  cba  elliptical  galaxy  HRX  421.  None  of  Chaaa  objacca 
exhibit  optically  violent  behavlot,  although  they  are  all  optically 

UCERTIP  Subaamola 

The  ctlcerlon  for  this  saaple  Is  based  on  spectroscopic  appearance. 
The  eleven  Lacertlda  In  Table  14  are  grouped  together  in  this 


la  alao  a spectroscopic  division,  based  prlaiarlly  on  the  presence  of 
broad  emission  lines  In  their  spectrua. 


OUASAg*LACERTID  Subsanole 

The  11  Lacertlda  and  17  quasars  are  Included  In  this  sample.  Only 
total  of  55  observations. 


sourcea,  6 Lacercida  and  a 
radahlfca  of  cheae  aourcea 


I opclcal  obaervaclona  which  vara  nada 


only  2 daya. 


The  avacage  clna  delay  la  4.S  daya 
of  couraa  concalna  cha  TDUK  aubaae. 
Ida,  Che  2 SayfarC  galaxlaa  and  HRK  4; 


Flux  Cotralaclen  Reaulca 

era  ahovn  in  Table  17,  Beat  fit  linea  are  plocced  with  Che  original 
daca  In  Figure  13,  Throughout  Cha  cocrelaclon  calculaclona,  the  x*cay 


(V  0093)  xnii  IVOlidO 


:-RAY  FLUX  (2  KeV) 


I'Synimatrlc 


hava  bean  Ignored  in  the  correlaciona.  The  first  colunn  in  Table  17 
indicates  vhether  the  independent  variable  is  the  optical  or  x-ray 
fltixaa.  The  second  coluon  indicates  which  correlation  routine  was 

indicate  a high  degree  of  correlation  between  Che  x-ray  end  optical 
fluxes.  The  nuabac  of  degrees  of  freedom  is  68  in  Table  17. 


TABLE  17. 

FUn  CORBELATIONS  FOR  ALL  70 

IHDEFENDENT  CORRELATION  b 

VARIABLE  ROUTINE 


PROBABILITY  OF 
NO  CORRELATION 


BBVINGTOH 

JBFFEEYS 


0.65(0.01) 


evident  Chat  efforts  to  obtain  contemporaneous  c 
consistently  have  increased  the  significance 


of  dots  with  the  sane  nuaber  of  degrees  of  freedon  would  exhibit  a 
corteletion  coefficient  as  high  or  higher  than  the  one  listed  in  coluom 


TABLE  18. 

FLUX  COBRELATIOHS 


LACERTID  2' 
QUASARS  31 
QUASAR4LACERT1D  S' 


As  can  be  seen  by  inspection  of  Table  IS,  the  slope  for  the 
simultaneous  fit  is  much  steeper  than  for  all  70  observations  (Table 

number  of  degrees  of  freedom  is  not  ae  eignifioanc.  As  we  increase  the 
Lacercids  show  very  little  correlation  and  a very  flat  slope.  Uhen  all 


corrftlaclon  coafflclenc 


The  quasars  exhlblc  a much 


higher  slope  1 
Correlarion  of 


n Che  Lacacclds  and 


e highly  correlated. 

quasars.  The  OW  quasars  by  cheaselves  have  a flaecer  slope  and  are 
BXCreBely  high  correlaclon  coefflclenc.  The  prohsblllcy  chat  this 

correlated,  but  the  correlation  la  not  oxcreBely  significant.  The 
blasar  and  ow  data  are  only  slightly  correlsced.  The  non*OW  sanple, 
on  the  ocher  hand.  Is  highly  correlated  and  the  linear  fit  has  a elope 
of  0.99(0,01).  Figures  19  through  22  shov  the  data  and  the  Jefferys 
fits  for  these  subsaoples.  Vote  Che  aaall  anount  of  scatter  In  Figure 


between  x-ray  and  optical  eolsslon  of  non-OW  quasars  and  the  blasars. 
The  blaxars  show  a anjch  wasker  degree  of  correlaclon  end  the  best  fit 
line  has  a slope  of  around  O.S,  while  the  non-OW  quasars  were  highly 
correlated  with  a slope  of  0.99.  The  next  step  Is  to  convert  the 


Figure  14,  Th 


Figure  1$,  The  flux  correleclon  dlegrea  for  Che  TDUX  subeoAple,  This 
eubseople  Includes  ell  x-rmy  end  observeclone  chec  were  oede  wlchln  one 


LOG  (fjSOO  a)  ^^2500  a) 


LOG  (F2  k,v) 


LOG  (F2  K*v) 


Flgur*  16.  Th«  flue  corralAtlon  dlsgran  for  cho  TD2WK  aubsaapla.  This 
suhisapls  concsins  all  of  cho  x*rsy  and  optical  obsarvatlona  chat  vere 
oads  vlchln  two  vaefca  of  each  ocher. 


flux  eorralaclon  dlagran  for  all  obsarvatlona  of  ct 
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Flgurs  19.  The  flm  correlation  for  all 
lacertlda  combined. 
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Figure  20.  The  flux  correleclon  dlsgraa  for  eha  eourcee  cleeslfled  ae 
end  lecertlde. 


Figure  21.  The 
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Figure  22.  The  flioc  cerrelmclon  diegren  fer  the  ncn-opticelly  violent 
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Lumlnoslt';_Cort«Latlgns 

E fluxes  te  luainoaitlea  is  described  In  ChepCer 
le  value  cf  Hubble’s  censcanc  vae  choean  ae  55  Km/sec/Hpc  and  cha 
if  qg  is  chosen  to  be  0.0.  The  leek  of  redahlfts  for  some  of  the 
.s  prevented  conversion  of  flux  to  luxlnosicy.  This  reduced  the 
saDpla  eize  fron  70  to  65  X'rey'Optlcal  pairs.  The  luminosity  data  are 
shown  in  Table  19.  Colunn  1 of  Table  19  Lists  the  sources  by  name  and 

rsy  luminosity.  Column  5 gives  the  x-ray  to  optical  slope  as 
calculated  by  equation  (2-19J.  The  error  in  each  quantity  is  shown  in 
parentheses.  The  x-ray  luminosity  errors  were  calculated  from  the 
synmecrlc  flmc  errors  as  discussed  earlier. 

The  data  listed  in  Table  19  are  shown  graphically  in  Figure  23.  It 

luminosity.  The  Bevingeon  fit  gives  a smaller  slope  than  the  Jeffarys 
method.  0.895(0.005)  to  1.02(0.01).  The  correlation  coefficient  is 
0.89,  corresponding  to  a probability  of  no  correlation  of  1.9  x 10*", 
The  correlation  of  Che  luminosity  dace  is  much  more  significant  chan 
Che  correlation  of  the  entire  flux  sample  presented  in  Che  previous 

Figure  23  shows  best  fit  line  Co  Che  data  as  calculated  by  Che  Jefferys 


method. 
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SOUSCE  SEQ.  f 


LOG(Lo)  LOC(Lx) 


3C  351 


220O«iJ 

2230+11 


30.87(0.05) 

30.87(0.05) 

30.90(0.08) 

28.77(0.04) 

28.63(0.06) 

29.44(0.04) 

31.53(0.06) 

31.00(0.04) 

30.38(0.05) 

30.56(0.06) 

30.63(0.04) 

30.61(0.06) 

30.17(0.03) 

30.89(0.04) 

31.59(0.09) 

32.68(0.03) 

31.33(0.03) 

30.72(0.04) 


1.60(0.06) 

1.16(0.03) 

1.64(0.05} 

0.98(0.02) 

0.97(0.03) 

1.59(0.04) 

1.48(0.03) 

1.15(0.03) 

1.50(0.06) 

1.20(0.03} 

1.41(0.02) 

1.36(0.03) 

1.50(0.06) 

1.55(0.03) 
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results  for  the  tocsl  ssstpls  snd  the  subssaplss.  The  Intercepts  end 
slopes  sre  fron  Che  Jefferys  routine,  figures  24  through  12  show  the 
correlation  diagram  for  Che  subsaaiplos  with  Che  best  linear  fit  for 


TABLE  20. 

Lumwosm  correlatiows 


1KTB8CEPT 


0(0.2) 

U0.5) 

8(0.4) 

3(0.3) 


The  first  line  in  Table  20  lists  Che  fit  paranecers  for  all  of  the 


luninosicy  data  fron  Table  19.  When  luainosicies  are  used  instead  of 


fluxes,  the  correlation  coefficient  increases  from  0.74  to  0.89.  The 


redahifts 

luminosity 


cedisccibuted  when  Che 
of  Che  observations  in 
flux.  This  spreads  the 


number  of  points.  The  slope  is  very  close  to 


correlation  for 


Flgurs  24,  Th«  luninoslty  correlation  dlagras  for  cha  all  of  cha 


opcleal  obaervaclona  char  waro  nada  within  ona  week  of  each  othar. 
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Pigura  26.  Tha  lunlnoalcy  corralaCloQ  dlagran  for  tha  TD2UK  aubaanpla. 


lunlnoslty  correlation  diagra 
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Flgur*  as,  Th«  lu«lno«lt7 
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flgur*  30.  Tha  lunlnoatty  csrrtUclan  dlagraa  for  ch<  BIAZAK 
aubsoople. 


Flguro  31. 


luBlnoilcy  dlograa 


opclcally  violont  vorlabla 
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Thft  fi«cDnd  line  shovs  an  InprDved  correlation  in  Che  einulcaneoua 
data,  although  not  nearly  aa  significant  as  for  the  entire  aanple.  The 
TOO  aajBple  la  doDlnated  by  Lacertida  and  OW  quaaars  vhich  show  lass 
Gorcalatlon  than  more  optically  quiescent  aourcea.  The  tine  delay 
between  variations  in  Che  x*ray  and  optical  light  curves  of  active 

The  TDWK  saeiple  contains  sore  ncn'ovv  quasars  and  the  elliptical 
galaxy  HRK  421.  The  correlation  increases  in  significance  and  the 
slope  increases  to  1,07.  Finally,  Che  T02VK  sample  is  slightly  less 
significant  than  Che  TDUK  aanple  and  Che  slope  flattens  slightly  Co 
0.94,  These  differences  nay  be  Insignificant,  but  the  data  establish  a 
slope  near  1,0  with  a high  degree  of  correlation  for  all  of  the  sources 

exhibit  significantly  more  scatter  than  Che  non'OW  sample.  The  BLA2A& 
and  LACgRTlD  samples  both  show  slopes  around  0.9  and  correlation 

shows  a high  degree  of  correlation  with  a correlation  coefficient  of 

correlation  coefficient  seen  with  Che  fluxes. 

There  seems  Co  be  some  difference  between  Che  slopes  for  quasars 


CO. 82) 


Lacerclds  (0.90). 


eorralatlong  are  aceaper  C 
and  Hiller  (1982]  a 

Tucker  (1983)  calculated  t 


e values  published  by  bluinenchal,  Kee 
it  al.  (1983). 

dependence  cf  the  x*ray  lumlncslcy  o 


the  optical  luminosity  for  a thick  disk  accretion  model  and  for  a 

case.  The  exponent  la  more  like  0,49  In  Che  cose  of  the  relativistic 
sources  of  X'tay  emission  could  account  for  some  of  the  differenoes. 


X-Rav-Ooclcel  Spectral  Indices 

Values  for  the  x-ray*cpclcal  spectral  Index  quoted  in  the 

Indicate  chat  can  range  from  0.97  (1727e30)  Co  1.78  (3C  331).  For 
of  0.22.  The  Ucerclds  have  a mean  of  1.37(0.28)  end  Che  quasars 


distinguishable  from  Lacertlds  by  their  a 

The  three  types  of  spectral  Indices  Uq' 
In  Table  21  for  three  kinds  of  AON.  Only  th 


spactra  ware  adaquacaly  £lc  with  a pawat'lav  nodal  t 
Tabla  21.  The  ftrat  column  Indicacaa  Cha  cypa  of  aoi 


TABLg  21. 


SEYTERT  2 
QUASARS  6 
LACEKTIDS  7 


1.53<0.J2) 

0.55(0.36) 


The  Seyfarce  and  Lacarclda  have  atnilar  optical  and  n.cay  apaccral 
Indlcaa,  while  cha  apaccral  Indicaa  of  cha  quaaaca  are  much  lower. 
Thaaa  raaulcs  agree  with  previous  findings  (Urry  at  al . 1966). 
Alchough  chare  Is  large  dispersion,  the  x-ray  spectral  Index  for 
Seyfarc  galaxies  and  Lacertids  Is  larger  chan  Che  canonical  value  of 
0.3,  One  quasar,  OV-236,  has  an  x-ray  spectral  Index  of  1.61,  buc  che 
ranalnder  are  below  0.9,  Only  one  of  cha  7 Lacarclda,  1727e50,  shows 
an  x-ray  apaccral  Index  below  1,3.  This  indicacea  Chat  Che  canonical 
value  for  Che  x-ray  spectral  Index  of  Lacercids  and  Seyferts  Is  closer 


0.5.  The  average  Oox‘* 


Corralaclons  with  lualnoalcv  redo 
Tananbaua  ec  al . (1979)  and  Zaoorani  ec  al . (1961)  auggesced  a 

correlation  between  Che  x-ray-opclcsl  lujalnoslcy  ratio  and  optical 


luolnoslcy.  The  paselbllity  of  chla  cype  of  correlation  was  tested  in 
all  of  the  aubsoaplaa  In  this  work.  The  log  of  Che  optical  luminosity 

Of  Che  subssBples,  only  the  QUASAkelACERTlD  subsaaple  showed  a strong 
poaiclve  oorcelaclon,  with  a correlation  coefficient  of  0,62.  The 
probability  of  an  tinccrrelaced  sample  showing  a correlation  this  high 
la  2.6  X 10*^.  The  general  lack  of  correlation  in  the  other 

QUASAkebACEkTID  subsaaple  Indicates  the  correlation  may  only  be 
scaclstlcal,  Eamorani  at  al.  {1981)  found  a positive  correlation 

physical  correlation. 

Correlation  coefficients  between  the  luaincsity  ratio  and  redshifc 
of  the  total  sample  Implies  low  statistical  raliabillty  on  any 

correlation  coefficient  was  0.39,  but  Che  aajoricy  were  anti- 
correlations.  Previously  published  correlations  between  the  luninoslcy 
ratio  (equivalent  to  a^j^)  and  redshifc  Imply  chat  if  the  correlation 


inverse  correlation. 


ALL  OBSERVATIONS 


^•dpctcal  apftctrAl 


(1«) 


tedsblfc 


significant  cocrelacion  found  in  the  subsanples  was  <0,92,  with  a 


coafficlenc  of  0.44. 

Tha  acatiscies  of  chasa  corralations  art  still 
of  the  concencration  of  low  radshift  quasars  in  ch] 
and  Boca  unlfonsly  distributed  saispla  in  rsdahift  i 


i saapla.  A larger 
1 required  in  order 


a question  of  spatial  and/or  luninosity  evolution  1 


Tha  X-rav  Backsround 

Study  of  Che  extragalaetic  x>ray  background  was  begun  in  1962  by 
Giacconi  at  al . (1962).  Boldt  and  Lalcer  (1984)  approxlBaced  the 
spectrun  of  the  x*ray  background  by  Che  expression 


E-“  axp(-E/kT)dE,  (3-20) 

I in  KeV,  A is  3.6  KeV/(Kev-cx^-sec-str) , kT  is 


40  K 


is  0.29.  Previous  background  studies  by  De  ZoCCi  ec  al . (1962), 
Schmidt  and  Green  (1983),  Schnldc  and  Green  (1986),  and  Boldt  and 
Leicer  (1984)  show  ACH  Bake  up  as  much  of  702  of  Che  total  x-ray 

x-ray-opcical  spectral  index  The  value  of  cOBosonly  used  In 

these  calculations  is  1,3,  which  agrees  with  the  avaraga  found 
hare.  Tharefora,  the  previously  taportad  percentage  of  Che  2 keV  x-ray 


The  difference 


background  apeccral  index  la  a n> 
fXux  concrlbuclon  of  AGK‘9.  The  index  Is  0.. 
either  0.7  for  quasars  or  1.5  for  Lacercids. 


increases  Che  dlfflculcles  in  accounting  f 


ir  Che  shape  of 


Primary  goncluatoni  froii  Correleclons 
The  primary  results  found  in  Che  correlation  studies  presented  in 


The  flux  data  are  highly  correlated,  with  ' 
non-ow  sources  exhibiting  a correlation 
coefficient  of  0.97,  The  Blarar  and  OW 


2.  The  slope  of  the  best  fit  lines  Co  the  film  data 
aubsaisplea  are  betveen  0.7S  and  0,99. 

3.  When  the  data  are  converted  to  luminosity, 


The  correlaclons  for  Che  OW  quasars  and  the 
Blezars  becotse  significant  when  the  luminosity 


with  Che  slDulcan«ous  obaarvations  being  Che  flaccesc 
and  Che  OW  quaaare  Che  sceepeac. 

The  average  x-cay  Co  optical  specccal  index 


The  average  x-ray  spectral  Index  f 
only  0.7S.  This  reaulc  agrees  vie 

of  chia  finding  evaiea  d 


c lacectids 

previous 
al.  1986). 


■t  aulclfr«qusncy  apeccrA  la  an  approach  eonaacnly 
uaad  Co  Invaeclgaca  Che  eslaslon  propercles  of  acclve  galaoclc  nuclei, 

ray  and  opclcaX  observaclona.  Nearly  alBulcaneoua  nulclfrequency 
speccca  for  a nuaber  of  AGN  have  been  analyced  by  Bragman  ec  al. 
(1961).  Bregman  ec  «1  (198«a),  Bcegnan  ec  el.  (1966b),  and  Jonea, 
Kudnlch  and  Landau  (1966).  Urry  (1966)  gives  an  excellenc  aunmary  of 
oulcifraquency  observaclona  of  blasacs,  covplece  with  referancea. 

In  a acudy  of  chla  cype,  che  prlnary  conalderacion  la  Co  conacrucc 

observaclona  ac  as  aiany  frequencies  as  poaalble,  Qbcalning  complece 
apeccral  coverage  la  excrenaly  difflculc  becatxae  each  frequency  band 
requires  dlfferenc  dateccors  operaced  Independencly,  aoxe  of  which  auac 
be  locacad  on  sacellice  placfonas  in  order  CO  place  Che  dececcor  above 
Che  acnosphere.  An  example  of  a parclcularly  succeaaful  accenpc  Co 
coordlnaee  celeacopea  aenaiclva  Co  frequenclaa  extending  from  che  radio 
region  up  Co  x-rays  Is  reported  In  Bregman  ec  al.  (1966a).  In  chla 

between  10^  (radio)  and  10^^  Hr  (x-ray). 


successful  aodals 


synchrocron 


Inttrpratlng  tt 


a nulelfrequency  spectra  of  AGK  are 
(hereafter  SSC).  There  are  two  basic  versions  of  Che 
focDulaced  for  plane  parallel  ^eonecry  (Jones,  O'Dell 


*Jet  models"  have  a fundamental  drawback  in  that  they  require 
specification  of  the  radial  dependencies  of  Che  magnetic  field.  This 
additional  parameter  cannot  at  present  be  derived  from  observations,  so 


Che  model  Is  under-constrained. 


SYnchrotron-Self-Comoton  Models 


?ae  u_?yno.hrq,tten-Ih«siy 

synchrotron  radiation  In  astronomical  sources.  Successful  eynchrocron 

radio  emission  from  planets,  supernovae,  and  pulsars.  The 
characeeriaelc  non-chermal  spectrum  and  the  high  degree  of  polarization 

field,  the  particle  experiences  an  acceleration  orthogonal  to  both  Che 


direction  o£  Che  oesnecic  field  linee  end  the  particle  velocity.  The 
resulting  spiral  path  has  a radius  of 


where  K is  Che  radiua  of  the  spiral  path,  n is  the  osss  of  the 
particle,  v is  the  particle  velocity,  e is  Che  charge,  and  B is  the 

given  by. 


If  Che  particle  is  noving  relatlvistically,  the  radiation  is 
concentcated  in  a cone  of  angle  where  is  Che  equal  to  twice  the 
Locencz  factor  of  Che  eleccrone  which  la  Cl-*-v^/c^)**. 

An  enseoble  of  eleccrone  chat  has  a power'law  distribution  in 
energy  is  given  by, 

constant  and  s la  Che  apeccral  index.  The  total  power  radiated  is  given 
by  equation  (A-l) . 

W - Cl  E-»  dE  - Cj  E^-*  (4.i) 

Since  the  highest  frequency  eiaicced  by  an  electron  is  proportional  to 
Che  square  of  its  energy,  the  cocal  power  can  be  wriccen  as 


-C2 


(4-5) 

Differentiating  equetien  (4>S)  as  a functian  of  frequency  and  Including 
the  dependence  on  the  magnetic  field  etrengch,  ve  obtain  Che  cctel 
power  radiated  by  an  assentblage  of  relaciviacic  eleccrona  in  a magnetic 


S . a />(l-»)  b'«Cs*1>. 


(4-«) 


The  reeuleing  opcioally  thin  aynchroeron  epeecrum  is  a power  law  in 
distribution  a related  by  the  expression:  cc  - h(l-a}  . 

is  proportional  Co  /■‘*f®'^^,ao  Che  optically  thick  source  function  is 


5/2  power.  T 


~ - Ca  /V2  (4.7) 

V 

for  a power  law  distribution  of  relativistic 
elf-absorption  frequency  goes  as  frequency  cc  the 
(-absorption  frequency  can  be  identified  in  the 

wer  law  of  Che  form  Another  feature  in 


Che  eynchcocron  specCrua  occurs  at  high  frequonelae  where  radlaclve 
losses  of  Che  hlghesc  energy  eleccrons  cause  s break  or  sceepenlng  of 
Che  power  law.  An  exaaple  of  che  synchrocron  spectral  dlscrlbucion  Is 


Coaocon  Inceracclona 

In  coDpacc  synchrocron  sources  where  che  phocon  energy  denslcy  Is 
sufflclencly  high,  che  relaclvlsclc  eleccrons  collide  with  the 
synchrotron  photons  end  soae  of  che  electron's  energy  is  transferred  co 
che  phocon.  This  process,  inverse  ConpCon  scaccerlng,  rediscribuces 

Coapron  sceccering  is  che  relacivlscic  councerperc  of  Thoason 
soaccering.  As  a result  of  quancua  effects,  che  fclneaaclcs  of  che 
sceccering  process  change  and  che  cross  seccion  for  scaccerlng  changes 
with  energy.  The  wavelength  of  che  scsccered  phocon  changes  by  a 
factor  equal  to  che  ConpCon  wavelength,  0,02426  Angscrons  for 
eleccrons.  The  differencisl  cross-secclon  is  given  by  che  klein- 
Nishlna  foroula  which,  in  che  excreae  relaclvlsclc  regiae,  is 

o - 0,275ojx'l(ln(2x)+0.5>,  (4-8) 


Figure  34.  The  speccrel  distribution  shown  above  results  fron  a power 

oagnetlo  field.  The  portion  of  the  epeetrua  where  the  flux  Increeeee 
as  Is  Che  opcloally  thick  enisslon.  The  point  where  the  speccrua 

where  the  optical  depth  Is  e^ul^to  unity.  The  optically  thin  portion 
because  high  energy  electrons  lose  energy  nore  rapidly  chan  ebe  low 


(I.v2/c2: 


acurce  ia , Che  larger  Che  Conpcon  ealaaion  will  be.  The  anall 

caceacrophe" . A alnple  expanding  acurce  synchrctrcn  ncdel  can  easily 
explain  che  radio  eniaslon  seen  in  aoec  AGR,  hue  when  chls  alnple  ncdel 
is  used  cc  explain  Che  opcical  enissicn,  Che  pcedicced  Cenpeon  flux 
(which  will  be  in  che  x-ray  frequency  band)  ia  usually  larger  chan  Che 
observed  x-cay  enisBlon.  The  usual  (nechod  co  elrcuiavenc  che  Conpeon 


The  SSC  Model 

Slunenchal  and  Gould  (1970)  exanine  in  derail  che  resulclng 
speccrun  from  relaciviscic  eleccrens  in  a Bsgnecic  field  loeing  energy 
by  synchrocron,  brenascrahlung,  and  Conpeon  processes.  Urry  (1984) 


fomallaii  aa  glvan  by  Urry  (1984) , The  Inporcanc  par&ffleters 


e^uatlona  ere  defined  as: 


glgahercz, 

/b  “ Che  frequency  at  which  cha  opclealXy  chin  apeccrua 
arcseconde, 

E - cha  energy  ac  which  Che  ConpCon  flux  is  deelced 


- Che  redahlfc  of  Che  aourca, 

- Che  opclcally  Chin  specccal  in 
aynchcocron  apeccrua, 

- The  kineaacic  Doppler  factor. 


abaorpclon  frequemy,  end  Che  angular  size  of  Che  enicclng  region. 


- 4.04X10-- 


I-IO) 


In  equation  (A-IO)  th«  pfiranecer  loo  * dloanaLonless  funcclon  oC  cha 
apaetral  Index  whose  values  are  cabuleced  In  Jones,  O’Dell  and  Sceln 
(1974)  and  (Jrry  (1984).  The  eleocron  nuaber  densicy  la  given  by 

No  - (0-42)(5-9x10-*)“1„-2“-*J„o’’- 

X ,,-&«.7y^.4«.5r^2.+3B.l,i„,2»e6j.2».4 


The  parameter  joo  In  equation  (4-11)  is  snot 
given  in  Urry  (1984)  and  D la  the  distance 


dlmenslonlees  quantity 


expected  flux  due  Co 


- (4,l4xlO-6)(3-66xlO-‘‘)“e„oW*“'* 

* ln(/b/A>  »„-^-6/A-3'-5rg2«'‘ 

X E-“ia*s)/S|2“«>-  (4-12) 


The  dimensionless  function  eoo  la  tabulated  In  JOS.  The  self-Compton 
flux  at  energy  E (in  KeV)  is  given  in  units  of  Janskys  in  equation  (4- 
12).  Ideally,  the  observable  quantities  In  Che  above  equations  9,  m. 
/a>  ^A>  And  can  be  estimated  from  observations  of  the 

nulclfrequency  continuum  spectrum,  the  optical  line  apeccrum,  and 
variability  characteristics.  Unfortunately,  because  of  Che 
accurate  simultaneous  observations  In  the 


difficulties 


126 


Che  pariUBeCers  are  difficult  to  asclDace  pceciacly. 

Doppler  factor  S in  the  SSC  equations  is  initially  sat  Co  1.  The 
kinematic  factor  describes  Che  degree  of  relativistic  motion  in  the 
emitting  region  and  is  equal  to  (r(l‘ (Ve/c)cosP) ) The  is  the  non* 
cosaologloal  velooity  of  Che  emitting  source,  c is  the  speed  of  light, 
f is  Che  Lorencz  factor,  and  d is  Che  angle  becveen  Che  motion  of  the 
source  and  Che  line  of  sighc.  If  the  predicted  Compton  flux  is  larger 
chan  Che  observed  x-ray  flux  at  Chat  frequency  (the  Compton 
cacaatrophs) , the  Doppler  factor  can  be  increased  uncil  the  modal 
prediction  agrees  with  Che  observations.  The  Justification  for 
including  this  extra  parameter  in  based  upon  observatioiis  chat  many  AGN 
eject  plasma  Jets,  some  of  which  seem  to  be  moving  at  celacivlacic 
speeds.  These  superiuminal  sources,  usually  studied  at  radio 
frequencies,  present  evidence  chat  there  is  a preferred  direction  in 
which  ejecta  are  accelerated.  Begelman,  Blandford  and  Rees  (19S4J  give 
an  excellent  comprehensive  review  of  the  theory  and  cite  evidence  for 
relativistic  Jets  in  AGN.  Many  previous  multifrequency  studies  of 
Lacarcida  require  bulk  relativistic  motion  to  account  for  the  lack  of 
self-Gompcon  flux  (LIrry  1964,  Vorrall  1986), 

Kultlfreouencv  Observations 

The  observations  from  Chapter  11,  complimented  with  data  from  the 
iicersture.  are  used  to  construct  multifrequency  spectra  for  each 


adopted 


additional 


optical  and  infcacad  pointa  in  the  aultifcequency  apeccrua  from  Che 
optical  data  in  Table  3 and  average  optical  and  near*in£rared  apeccral 
indicaa  for  each  eourca,  Obvioualy  direct  obaarvationa  in  each  oC  the 
frequency  bands  are  preferable  to  uaing  average  apeccral  Indicea  to 
eacinace  the  flux  in  each  band.  Since  in  Che  najoricy  of  caaea  no 
color  data  were  available,  ve  have  resorted  to  chia  approxiaatlon. 
Although  there  ere  excepcione.  variability  atudiea  show  Chat  the 
opclcal'neat'lR  spectral  region  varies  in  unieon,  keeping  nearly  the 
saoe  apeccral  shape.  Ue  are  not  concerned  here  with  small  variaclons 
between  cloeely  spaced  spectral  bands,  rather  the  broad  veriaciona  over 
several  decades  in  frequency. 

The  parameters  of  the  SSC  model  are  estimated  from  Che  apeotrun  by 
Che  following  method.  The  frequency  and  flux  density  at  Che  self* 


extrapolation  of  che  radio  data. 

Co  Che  IR  data  la  Che  optically  c 
In  soma  apeccrs  (0233*^164), 


The  point  o 


significantly  affect  C] 


inceraeccion  should  be 

. sharp  spectral  break  occurs  in  che 
be  attributed  Co  che  break  in  the 


Conpcon  fliK  «9Cluct 
of  5 In  «sciiuclng  t 


>6  ratio  of  eha  break  frequency  end  Che  tur 
ceak  fraquancy  la  10^^  Inacead  of  10^^  Ha, 


21Z  ( If  a • 0.6).  The  pclnary  function  of  Che  break  frequency  1 
calculate  Che  high  energy  electron  dlatribution  cutoff  Ev„v . u 
dependa  on  the  square  of  the  break  frequency. 

The  angular  site  la  an  Inporcant  quantity  which  csrnio 

(1082).  Nlnlnua  variability  clneacales  for  the  other  two  sources  were 
esclBaced  from  the  kHO  data  using  Che  method  described  by  Pollock 
(1982).  These  timescales  were  Chen  converted  to  linear  diameters  by 
the  relation: 


4c  dl 


source,  dT  Che  minimum  variability  timescale  in  days,  Lavg  Che  average 
luminosity.  The  linear  diameter  D of  the  emitting  region  Is  In  units 


expression,  - D/2d,  where  d 

discussion  of  Che  individual  sources,  addressing  Che  aasunpcions 
necessary  co  escimace  che  SSC  paranecers.  Is  given  below. 


Is  Che  discance  Co  Che  source. 


023S<-16a 

ae  al . (19flft)  and  Inpey  and  Neugehauer  (19gS)  , Radio  obaervaciona  fcoD 
Aller  ec  al.  <1985}  end  lElAS  (InfraRed  Aacrononlcal  Sacellice)  decs 

optical  data  presented  in  Chapter  II.  Additional  dace  points  In  Che 

2500  angaccon  flux  from  Table  3 and  speccraL  indices  froa  Brown  ec  al. 
(1988),  Webb  and  Snich  (1988).  O'Dell  at  al.  (1977),  and  Snlch  (1986). 

slope  of  -1.6,  while  Che  steeper  opcical  power  law  has  a slope  of  *3.9. 


Dfignicudfls.  Spectral  chapgea  have  been  reported  by  Brevn  ee  al . <1988) 
but  these  changes  vlll  be  neglected  here  as  we  are  interested  only  in 

coluim  density  Indicated  by  Che  x-ray  observations  (see  Chapter  11). 

The  IRAS  observaclons  vere  aade  nearly  three  years  after  the  x-ray 
observations.  Roaeioary  Hill  optical  observations  coincident  with  the 
IRAS  observations  were  Q.S8  nagnlcude  fainter  than  Che  optical 

found  chat  0235+164  exhibited  no  variability  in  IRAS  observaclons; 
however  only  two  observations  which  vere  taken  fourteen  days  apart  were 
used  Co  fom  this  conclusion.  The  largest  optical  variation  on  chat 
claescale  Is  a factor  of  three,  so  If  the  far-lnfrated  fluxes  are 
variable  at  all  they  probably  vary  only  by  a factor  of  l.S.  Errors  In 
this  assunpclon  will  cause  errors  In  Che  optically  thin  apactrsl  Index 
and.  aore  isporcantly,  errors  in  deteralnlng  Che  turnover  frequency. 
Variation  In  the  spectral  Index  froo  0.0  Co  1.4  causes  a variation  In 
Che  resulting  Doppler  boost  factor  by  only  1.117.  In  order  to  account 
for  variances  In  Chase  parameters,  results  vlll  be  quoted  for  a range 

The  break  between  the  optical  and  near-infrared  bonds  is 


fits  through  Che  radio  and  Infrared  data.  An  example  of  che 
Bulcifraqueney  apeceral  dlacrlbuclon  of  023S+16A  la  ehown  In  Figure  35. 


0735-»17 

Five  aulcifrequency  apeccra  of  073M-17  v 

al . (1926)  and  IRAS  obaervaclona  from  Impey  and  Neugebauer  (1988}, 
Indicaa  from  brown  at  al . (1988),  O'Dell  ec  al . (1978),  and  Bregman  ££ 


073b4-17  vara  made  when  lea  optical  brlgbcneaa  waa  B - 15.65  and  B - 
15.47  nagnlcudaa  reapecclvely.  The  optical  brlghcneaa  of  0735417 
during  the  x-ray  obaervaclona  vaa  between  B - 15.41  and  B - 15.80,  with 
an  average  of  B - 15.62.  The  IRAS  obaervaclona  indicate  che  flux  la 

the  x-ray  obaerveclon  la  brighter  chan  B ■ 15.5,  che  IRAS  obeervaclon 
15.47.  Uhen  che  optical  brlghcneaa  during  Che  x-ray  obeervaclon  la 


fainter  Chan  15.5,  Che  IRAS 


obaervaclona  of  10/13/83 


E 

« -28 


0235+164 
• B 7/22/80 
••72/15/81 


\ 


Flgur«  35.  The  nultlfrequency  epeccral  distribution  of  AO  023S+164. 
The  filled  circles  ere  Che  flux  densities  end  Che  filled  crisngles 
represent  Che  energy  st  eech  frequency,  both  for  the  7/22/60 
observation.  The  dotted  lines  are  best  fit  lines  Co  Che  infrared  and 
radio  data  respectively.  The  slope  of  the  line  through  Che  Infrared 
data  Is  the  optically  chin  aynehrocron  epeccral  Index.  The 
Intereecclon  of  the  Cvo  lines  deflnee  Che  best  fit  turnover  frequency 


are  the  date  froB  2/1S/61.  The  variations  1' 
define  a different  spectral  Index  and  cum  over  frequency  f 
observation.  The  ocher  four  Bulclfrequency  spectra  are 
indistinguishable  froa  Che  7/22/80  apeetrua.  The  solid  lines  through 

bars  are  Included  If  they  ere  larger  than  the  synbol  size. 


Tha  ultravlolac  spactral  dlscribucloa  becoaea  sceapar  beyond  2300 
angscroaa,  poealbly  correaponding  to  Che  break  frequency  In  cbe 
synchrotron  speccnia.  The  aulclfrequency  speccrua  of  0733el7  is  shown 


OJ  287 

Average  values  of  0.96  and  0.96  were  used  for  the  near<infrared 
andopclcal  spaccral  indices  respeccively  (Smith  1966  and  Brown  et  el . 
1986) . These  speccral  indices  are  appropriate  when  the  optical  flux 
level  is  slnilar  to  the  flux  level  seen  during  Che  x-ray  observations. 

The  IRAS  observaclons  were  made  when  Che  optical  brlghcnaas  was  about 
one  aagnicuda  brlghcer  chan  the  optical  brlghcnaas  during  che  x-ray 
observations.  The  IRAS  data  laplied  variability  in  the  far-infrared 
flux,  although  the  amplitude  of  Che  variaclons  may  be  much  smaller  chan 
corresponding  variations  in  Che  optical  flux.  There  is  no  clear  way  of 


dececmining  Che  proper  far-infrared  flue  denslcy  appropriate  for 
faincer  optical  flux  denslcies.  We  used  Che  published  IRAS  data  with 
Che  sclpulaclon  that  possible  far-infrared  fluctuations  could  cause 
errors  in  che  daterninscion  of  Che  turnover  frequency  and  the  opclcally 
chin  spectral  index.  We  have  computed  a nusiber  of  models  assuming  a 
range  of  turnover  frequencies  Co  account  for  these  errors.  Figure  37 
shows  che  mulctfrequency  speccral  distribution  of  OJ  267, 


Log  (f  F,) 


OJ  237 

•A  10/26/79 
"B  4/14/SO 


for  cho  daro  10/26/79.  Tho  far*in£rared  data  ara  ooc  alnultaneoua  aa 
daaerlbad  In  tha  taxt.  The  filled  circles  cepresenc  Che  flux  ac  each 

ac  each  frequency.  The  docced  lines  Indlcace  Che  best  fic  linear 

represencs  che  mulclfrequency  speccrun  of  10/17/79.  The  only 
parcepcable  change  was  In  che  x-ray  flux. 


Log  {f  F,) 


3C  273 


273  as  -1.3,  This  Infrared  index  and  the  opcicsl  Index  fron  Table  3 
were  used  cs  extend  Che  spectral  coverage  shown  in  Figure  38,  The  flat 

points  were  excluded  froa  the  cslculstlon  of  Che  optically  chin  x-ray 
apeecral  index  because  of  Che  possible  chemal  origin  of  cha  radiaclon. 

Only  one  sec  of  IRAS  observations  was  available  for  this  source 
(iBpey  and  Neugebauer  1988),  Sines  no  variability  infoniaclon  in  cbe 
far-infrared  is  svailable  and  optical  variations  for  30  273  are  of 
modest  magnicude,  we  have  assumed  the  IRAS  observations  are 

observations . 


AP  LIBRAE 

The  iwar-infrared  speccral  index  c 
Vard,  and  Hyland  (1982)  as  -0.82.  We 

Che  optical  brighenesses  during  the  s 
amplitude  of  variability  c 


' AP  Librae  was  given  by  Allen, 
variations  in  Che  far-infrared 


-20 


3C  273 

. A 12/13/78 

• B 6/20/79 

fr. 
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Figure  38.  The  uultlfrequency  speccrun  of  3C  273  le  shown  for  the  dece 
12/13/78.  The  filled  trlengles  represenc  ehe  energy  ee  eech  frequency 
end  Che  filled  circles  show  the  flux  sc  eech  frequency.  The  dotted 
lines  ere  llneer  fits  Co  the  Infrered  decs  end  rsdlo  decs.  The 

frequency.  The  flat  opclcal  distribution  cepresencs  the  blue  buop. 
This  blue  buirp  Is  usually  eccrlbuced  co  thensal  eBlsslon,  possibly  froa 
an  accraclon  disk.  Because  of  che  possible  chensel  origin  of  the 

spectral  Index  or  che  self 'absorption  frequency.  The  open  circles 
represenc  che  flux  densities  on  10/17/79. 
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The  sharp  break  between  Che  nesr-lnfrsred  and  Che  optical  bends  Is 
incerpreted  as  che  synchrotron  break  frequency  and  la  included  In  the 
aodels.  The  aulclfrequency  spectral  dlscribucion  of  AP  Librae  la  shown 

3C  345 

slight  flattening  of  the  optical  spectrum  la  probably  due  to  che 

selected  an  IRAS  observation  Co  use  with  each  x-ray  optical  observation 
based  on  Che  optical  brightness  of  Che  source  during  Che  cbservaClona . 

Bregnan  at  a1  . <1986)  presented  a remarkably  complete 

the  break  frequency  probably  lies  in  the  Ht  range.  The 

mulcifrequency  spectrum  of  3C  34S  Is  shown  in  Figure  40. 


Model  Rasul cs 

The  results  of  che  SSC  aodels  for  all  of  che  mulcifrequency  spectra 
are  presented  In  the  following  tables.  Rach  spectrum  of  each  source  is 


AP  LIBRAE 

. A 2/26/79 

• C 2/10/81 

-32  I — — ' ' ' I 

9 10  11  12  13  U 15  16  17  18  19 

Log  f (Hz) 


Figure  39,  The  nulclfrequency  epeccnia  of  2/26/79  le  presented  for  AF 
' *'  I filled  circles  represent  Che  flux.  For  AF  Llbree,  t* 


frequency  le  obvious  e 


s exccapoleced  Co  high  frequencies 


Che  radio  fluxes  and  infrared  fluxes.  The  Incerascclon  of  cheee  two 
lines  are  used  to  esClDaCe  Che  turnover  frequency  and  flux  densiey. 

aulclfrequency  speceruia  for  2/10/81. 


Log  (f  F,) 


3C  345 
■ C 2/12/80 
• A i/27/7^ 


for  ctio  doco  2/12/80.  Tho  fillod  circled  repreeenc  Che  flux  denelty  ec 

frequency,  Ihe  docced  lines  are  linear  excrapolaelona  of  che  infrared 
end  radio  daCa.  Their  Inceraecclon  la  used  Co  escloace  Che  turnover 

frequency  of  Hr.  The  Bulclfrequancy  data  for  8/27/79  are  shown 


Log  ( 1 F,) 


each  epeccrua  vhose  dace  is  given  in  colunn  2.  The  third  cclunn  gives 
Che  cumover  frequency  in  Hr,  Che  fourth  Che  cumover  flux  density  In 
cga  untca  end  the  fifch  coLunn  gives  che  break  frequency  in  Hz.  The 
sixth  coluon  gives  che  optically  chin  speccral  index  end  che  seventh 
column  che  Compcon  fl\ix  density  at  2 KeV,  The  Compton  flux  is  in  cga 
units,  i.e.  ergs/cm^-see'^-He'l.  The  eighth  column  lists  che  distance 
Co  che  source  in  gigapsrsecs  and  che  ninch  column  gives  che  angular 

through  4-12  for  the  input  parameters.  The  first  column  identifies  che 
spectrum,  che  second  gives  cime  delay  between  che  x-ray  and  optical 
observations,  the  third  column  lists  che  Cumover  frequency  in  He,  and 
che  fourth  lists  che  Doppler  boosting  factor  necessary  Co  make  che 
Compcon  flux  equal  the  observed  2 KeV  x-ray  flux.  The  fifth  column 
gives  che  magnecic  field  in  Gauss  and  che  sixch  column  che  electron 
densicy  sc  in  g/cm*^.  The  last  column  gives  che  radius  of  che 


presented  for  each  scurce  which  shows 
for  differenc  values  of  che  cumover 


0235<-16&  HOPELS 


TABLE  22. 

BEST  FIT  MODELS  FOR  023S-t-16<. 


T PARAMETERS 


Bac*  Log  /a  Log  Fg  Log  /g 


A 2/1/80  10.9  -22.5 
e 7/22/80  10.8  -22.5 
C 7/29/80  10.7  -22,5 
D 8/4/80  10.8  -22.2 
E 8/5/80  10.8  -22.6 
F 2/15/81  11.7  -22.8 


Table  22  gives  the  S5C  nodelllng  results  for  0233+164  if  the  size 
of  the  ealtting  region  can  be  deduced  froa  the  nose  rapid  variation.  It 

size  estlBate.  For  Instance,  if  the  variability  timescale  increased  by 
a factor  of  10,  the  resulting  Doppler  factors  would  be  a factor  of  5 

Doppler  factors  on  Che  order  of  40  for  all  but  Che  last  spectrum.  The 


3i-15  0.02  - 


0.3-0. e 


TABL2  24. 


spur  PARAHETERS 

Bate  Log  /g  Log  Fg  Log  /(, 

A 4/18/79  11-5  -Hi  14. 7S 

B 10/17/79  11. S -22.9  14.75 

C 3/31/80  11.5  -22.8  14.75 

D 10/19/80  12.7  -23.6  14.75 

E 3/26/81  12.7  -23.6  14.75 


MODEL  RESULTS 


frequencies. 


1 results  for  Che  allowable  r 


MOSEL  RESULTS 
Spectrum  log  /g 


MODELS  FOR  0735*1 


12-13.0  3.6-1. 


(PCS) 


Thft  abova  rasults  Inbicste  s relaclvely  nodest  anounC  of  beaming  is 
necessary  co  assure  Che  Conpcon  flux  is  consiscenc  wich  che  x*cay 
observaciona.  Models  D and  E require  large  leagneclc  fields  and  snail 

turnover  frequencies  bowean  10^®-^  and  Hz. 


OJ  287  MODELS 

The  modelling  resulce  for  OJ  2d7  are  given  in  Table  26.  The 
nlnlmiD  variabllicy  clnascala  indicates  an  angular  radius  of  6x10*7 


T PARAHETESS 

Data  Log  /g  Ug  Fg  Log  /),  « log  F*® 

0/26/79  11.6  -21.6  15.50  1.16  -29.2 


Spectrum  dT 


Table  27  shows  the  variation  in  the  derived  source  parameters  obtained 
by  varying  the  turnover  frequency. 


HODELS  FOR  OJ  287 


MODEL  RESULTS 


log  /*  S (G  * ) 


The  Ctfo  oulclfrequency  observations  of  OJ  28 
slniler  results  for  ell  of  the  SSC  parsnecers. 
on  the  order  of  10  to  20  are  necessary  for  the 


analyzed  above  give 
Doppler  boost  factors 
Qodel  Co  be  consistent 


The  modelling  results  for  3C  273  are  shown  in  Table  28.  The 
mlnioua  variability  riaescale  indlceres  Che  angular  size  of  the 
emiccing  region  la  about  0,003  Dilllercseoonds.  The  breaV:  frequency 
oust  occur  at  frequencies  beyond  10^^  Kz. 


TABLE  28. 

BEST  PIT  MODELS  FOR  30  273 


INPUT  PAKAHETERS 

Date  Log  Log  Fg  Log  /g 


A 12/13/78 
B 6/20/79 

D 12/13/80 


log  D 


TABLE  ;8--ennTmueD 


HODEL  RESULTS 


( ) ( '^) 

4.9  l.OxlO* 

95. B 2.0x10* 


Th«  rasulcs  Cor  3C  273  IndlcaCe  llctlB  IE  any  baaxilng  Ifi  nacessary  ca 
aaciafy  cha  x*ray  obaarvaalana.  Tba  nagnatlc  flald  predicted  far 
speecrua  C la  tvo  order  af  oagnlcudea  greater  than  predicted  for 
epectra  A and  D.  The  phyaical  alzaa  aC  Che  ediaalon  reglcna  are  all 
leaa  than  0,1  paraec . Table  29  llaca  the  varlaciona  of  the  derived 

realieclc  llnica,  Che  pacanecera  derived  froa  all  of  che  eulclfrequency 
spectra  of  30  273  ere  conaiscenc  vlch  a aodel  with  a Doppler  factor  of 
2,  a leagneClc  field  of  10-20  Gauaa  and  a enicclng  region  of  leaa  Chan  a 


hOOBL  RESULTS 


TABIE  ?9 

HOBEU.mR  JC  273 


log  /a 


AP  LIBRAE  MOPELS 


incerpr«ted  as 


a varlattan  of  the  derived 
mover  fraquaney. 


ic  nodala  of  AP  Llbrsa  are  shown  In  Table  30,  An 

The  sharp  break  In  the  opclcal  spaccrua  la 
ak  frequency  for  che  SSC  uodals.  Table  31  gives 
paraoecars  wlch  varlaclon  of  che 


T FAKAHETERS 

Bate  Log  Sk  ^A  /h 


SpeccrujB  dc 


HOPELS  FOR  AP  LIBRAE 


HODEL  RESin.TS 


log  5 (0  * ) 


iC  348 

Hodelfi  for  the  four  nultifrequency  spectra  of  3C  363  are  shown  In 
Tables  32  and  33,  The  variability  claescale  derived  from  RMO 
observations  Indicated  Che  ealsslon  region  was  snaller  than  3.6x10'^ 
Dllllarcseconda . 


TABl.R  32. 

BEST  FIT  MODELS  FOR  3C  363 


Date  Ug  /a  Log  F*  Ug  /b 


A 8/27/79  11.3 
B 1/24/80  11.2 
C 2/12/80  11.1 
9 8/18/80  10.8 


TABLE  32--CQHTIWUEa. 


HODEL  RESULTS 

SpeccrujB  dc  log  /a  ^ R 

(days)  (Cauas) 


Spectrun  log  /a 


TABLE  33. 
BOPELS  FOR  1C  345 


(ea'^)  (pcs) 

6.0- 3.0x105  0.54-0.13 

2.0- 5.0x10®  0.65-0.16 

6.0- 2.0x10®  0.70-0.16 

5.0- 4.0x105  0.64-0.15 


Tha  results  for  3C  345  Indicate  all  c£  the  observations  are  consistent 
with  a sourca  with  a radius  of  half  a parsec  and  a ttagnetlc  field 
strength  of  about  0.1  Gauss.  The  radiation  Is  beaaed  with  a Doppler 


boosting  factors  derived  1 
Bragman  at  al.  by  a factor 


here  are  larger  than  Che  one  derived  by 
of  10.  These  differences  probably  arise 

r multlfraquency  observations  and  are  not 


truly  slaultaneous. 


Ue  havfi  analyzad  th*  naarLy  alBultaneoua  x*ray  and  optical  data  foe 

8ynehrocron*aalf*C0DlpC0n  oodel.  Ue  aasuned  Che  Infrared  ealsaion  la 
optically  thin  aynchrotron  radiation.  The  obaerved  x-ray  enisaion  la 

The  Input  paravatera  for  the  SSC  aodela  are  deduced  from  the 
Bulclfraqueney  apectruia  for  each  aource.  Fhyalcal  characterlatlca  of 

Hodela  are  calculated  for  a range  of  turnover  frequenclea  since  the  SSC 
Bodela  are  especially  aensltive  Co  changes  in  chls  paranacer,  and 

of  tha  sources,  0233416A.  073S417.  OJ  287,  and  3C  343,  raqulra 
relativistic  nocion  Co  avoid  Che  'Coapeon  eacascropha" . Neither  3C  273 
nor  AP  Librae  require  bulk  relaciviacie  aocion,  but  avail  boosting 
faccora  are  cenalscenc  vlch  Che  data.  The  nagnetlc  field  strengths  are 
typically  a few  tenths  of  a Gauss  to  several  Gauss  with  the  exception 
of  AF  Librae.  This  Lacertld  requires  oagneclc  fields  between  13  and 
4800  Gauss.  The  latter  value  is  unrealistically  large.  If  we  restrict 
the  vegnetic  field  strength  to  values  below  a few  hundred  Gauss,  we  can 
restricc  Che  synchrotron  turnover  frequency  Co  be  below  10^^  Hz. 

sizes  and  Che  Doppler  boosting  factors.  The  dianecers  of  the  sources 
fall  in  a range  between  0.03  and  0.7  parseca  in  the  source  rest  frame. 


These  dlenecer  eeclisates  ere  elmller  to  the  elzee  found  In  other 
vultlfrequency  studies. 


CHAPTEB  V 
CONCLUSIONS 


Tha  daca  In  this  dlssartatlnn  raprssant  a significant  attempt  to 

Nine  of  the  fifteen  high  count  rate  IPC  observations  required 
hydrogen  column  deneltlaa  exceeding  the  galactic  column  denelclss  In 


densities  were  large,  so  further  worl 
The  BBXRT  x*ray  spscttcneter  should 


fundamental  questions  concerning  Che  x*ray  spectra  of  AGNs,  Including 
the  Intrinsic  ccluom  density  problem, 

A number  of  sources  studied  In  this  work  had  more  chan  one  nearly 
simultaneous  x-ray  and  optical  observation.  The  x*ray  and  optical  flux 
curves  of  these  sources  were  compared  In  an  effort  to  gain  Insight  Into 
Che  connection  between  the  x-ray  emission  and  the  optical  emission.  An 
x-ray  flare  seen  in  0235el64  preceded  an  optical  flare  by  about  100 
days.  X-ray  variability  was  seen  in  four  of  Che  six  SL  Lacerclds,  In 
three  of  the  four  quasars,  and  in  Che  one  Seyfert  galaxy,  Tha  proposed 
X-ray  Timing  Explorer  (XTEJ  will  be  able  to  examine  more  closely  the  x- 
ray  variability  eharactorlscles  of  these  sources.  Study  of  Che 
relaclonahlp  between  x-ray  flares  and  optical  flares  will 


require  a cauperaclon  bervaen  grbund*based  bbservere  and 

satelllce  observers,  as  have  cha  past  BulclSrequency  campaigns. 

The  results  Indlcace  chat  opcieal  luolnoslcy  la  proportional  co  the  %• 

occurring  by  chance  is  4 x 10~^.  The  luainoalclea  of  the  non-opclcally 
violent  variable  eouccea  are  highly  cocreleCed  with  b - 1,09.  The 
class  of  AGN  which  exhibits  optically  violent  behavior,  the  blaxars, 
were  Duch  less  correlated  than  the  non'OW’s.  They  exhibited  a b of 
0.$8  and  a probability  that  this  correlation  could  arise  by  chance  of 
1 X 10'^,  The  x-ray  end  optical  spectral  Indices  for  BL  Lacertlda  were 


luminosity  and  with  redshifc  were  both  inconclusive.  Indications  chat 
if  a correlation  exists  between  the  luoinosity  ratio  and  Che  optical 
luminosity,  It  is  an  Inverse  correlation.  The  redshift  distribution  in 
the  sample  analysed  here  was  not  sufficient  to  draw  any  conclusions 
about  the  variation  of  Che  luslnoaicy  redo  with  redshifc.  Further 
studies  of  this  type  with  more  high  redshifc  sources  are  necessary  to 

by  the  IFAS  infrared  satellite.  These  IRAS  data,  combined  with  radio 
observations  made  contemporaneously  with  the  x-ray  and  optical 
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oba«rvAtlons , wera  used  Co  conscmoc  flulclfroquoney  opeecra  o£  Cho  six 
souccofi.  The  synchcocron'eelC'Coxpcon  model  of  Jonee,  O'Dell  end  Sceln 
(1974)  wee  used  Co  nodal  chaaa  nulclfcequency  epeccre  and  asclnace 


nodalllng.  The  various  pereneCars  are  highly  dependent  on  chls 
frequency.  Several  nodels  for  each  speccrun  were  run,  varying  the 
turnover  frequencies  wichln  the  range  allowed  by  che  obaervectons . 

five  of  che  six  spectra  of  0255el64  required  relativistic  beanlng 
with  Doppler  boost  factors  of  20*50;  the  ranalnlng  one  required  anallar 

turnover  frequency.  The  aegnetic  field  strength  of  023Sel64  ranged 


Three  of  che  five  0755+17  spectra 
stronger  nagnetlo  fields,  17-2400  Gt 


eonslacenc  with  a source  of 
*200  Gauss  isagneclc  field  and 
two  ocher  spacers  required 
and  slightly  smaller  boost 


The  two  OJ  297  spectra  were  consistent  vlch  a nodal  of  radl 
-0.23  parsec  and  nagneclc  field  strengths  of  0,04-6.0  Gauss 
Doppler  boost  factors  ranged  Iron  10  to  20. 

The  spectra  of  3C  273  required  no  Doppler  boosting,  1 
nagneclc  field  screngebs  were  large,  3.0  Co  40.0  Gauss.  The  ra 


also  required  no  Doppler  boosclng,  bur  required  excessive 


Dagneclc  field  screngchs  becveen  10  end  4800  Ceuee.  In  order  Co 
rescrlce  che  aegneclc  fielde  co  reasonable  valxies,  Che  cumover 
frequency  cennoc  exceed  10^^  Hr.  The  radius  of  Che  enicclng  region  Is 

Hodels  of  3C  34S  are  conelscenc  wlch  a source  0.13*0.7  parsec  In 
radius,  eoncalning  a Boderace  magnaclc  field  of  Q.04‘9.0  Gauss,  and 
having  Doppler  boose  faccors  on  Che  order  of  13*30. 

The  dependence  of  Che  Doppler  boose  faccor  and  Che  aagnecic  field 
screngch  on  Che  cumover  frequency  requires  accursCe  knowledge  of  Che 
locaelon  of  che  cumover  before  isodels  can  be  reasonably  conacrained. 
Observacions  beeween  10^^  and  10^^  Hz  are  crlcleal  Co  omlclfrequeney 
analysis.  Iteproveieenc  in  escabllahlng  che  opcicslly  chin  epeccral 
Index  requires  slipulcaneaus  far-infrared,  near-infrared,  and  opclcal 
observaclon  along  wlch  a oeasureBenc  of  Cha  self-Conpcon  flux  in  che  x- 
ray  band.  The  possiblllcy  chsc  Che  x-ray  eBisslon  is  a coBbinacion  of 
cha  CoBpeon  flux  plus  ocher  coBponenca  la  Indlcaced  by  che  difference 
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The  x*rey  spectra  of  Che  fifteen  sources  whose  count  rates  were 
auffloient  Co  obtain  rellehle  spectral  fits  ace  shown.  All  fits  are 

Included  in  this  appendix  ace:  0007+10,  0235+164,  3C  120,  0735+17, 

OJ  287,  MRK  421,  3C  273,  30  365,  3C  351,  1727+50,  OV-236,  2135-14, 


a PINSPEC  output  at  Che 


2155-30  and  2200+42. 

Salthaonian  Center  for  Astrophysics  1 
FINSPEC  is  the  reduction  proEtaii  which  fits  the  nodel  (in  this  case  a 
power  lav)  Co  Che  detector  response  function  and  the  observed  counts. 
The  boccon  plot  shows  Che  log  of  Che  observed  counts  (observed 

t 12  of  the  center  bins  were  used  for  fitting,  because  of 
n decemining  Che  counts  in  the  outer  bins.  The  upper 
a speocruB  of  incident  x-rays  which,  if  the  linear  model 


apectruo]  in 
Usually  10  0 


e spectral  indices  i 


hydrogen  column  densities  quated  in  Chapter  2. 


FICURC  Al.  The  x-rey  speecrun  of  0007+10,  A epoccrel  Index  of  l.S  end 
• colum  donslcy  of  3,162x10^^  reoulcad  In  e Binlmun  chl'Oquere  value 


FICUHE  A2.  Thfl  x-ray  speccrun  of  3C  66A.  The  speccrel  Index  Is  1.63 
end  Che  base  flc  hydrogen  eoluan  denslcy  la  1.778x10^^.  These 
paraoecers  yielded  a ninlaua  chl-snuare  value  of  7,5, 


FIGURE  AA.  Th«  x-ray  ipcccrus  of  0739+17.  Tha  baxc  fit  spaccrvns  shovn 
above  has  a spectral  Index  of  l.S  and  a hydrogen  coluon  denalcy  of 
l.OxlO^^.  Tha  resulting  chi-square  for  the  fit  waa  14.9. 


FIGUR£  A5.  The  X'tsy  speccrun  of  OJ  2B7.  The  flc  la  c^raeterlzed  by 
a apeccral  index  of  l.S  and  a col;on  denalcy  of  3,16x10^^.  The  ainlBum 


FIStJRE  *6.  Th«  »-r«y  speccrua  of  KEX  421  l«  shown.  Tha  spscttal  indax 
1#  1.25  and  cha  coluan  danslcy  is  l.TlxlO^w.  cha  nlnlnua  chl*aquare 


FIGURS  A7.  Tha  x-ray  apeccrun  of  3C  273.  Tha  baat  fit  apaccral 
paranatara  vara:  spactral  Indax  - O.S,  hydrogen  colojin  danalty  - 
l.OxlO^O. 


riCURE  AS.  The  x-ray  Specrrua  of  3C 
and  Che  eoluan  density  is  1.05x10^®. 


The  spectral  index  is  0.^0 
ainloud  chi-square  value  was 


spectrum  of  3C  351.  The  beat  fit  spectral  Index 
tn  density  vas  2.3x10^^.  The  chi-square  value  for 


FIGURE  AlO.  Ths  x-ray  spaccniB  of  1727+50.  A power  law  with  speccral 
Index  0,75  and  a hydrogen  coluon  donalty  of  2.7x10+  gave  a alnlisua 
chl-equara  value  of  5.B. 


FKjUR£  A1.1.  Thfl  X' 
alnlaun  chl‘9q*4«rft 


hydros«ti  coluim  o 


'.SSSxlO^l. 


FIGURE  A12.  The  x*rey  epeccrua  of  212B*12.  The  ipeecral  index  is  0.62 
and  Che  hydrogen  eolunn  la  6.668x10^^.  The  alnlaun  ehl*aquara  value 


FIGURS  A13.  Tha  x>ray  apeccrun  of  213S-14.  The  spectral  Index  is  0.88 
and  the  hydrogen  colunn  Is  S.STxlO^*’.  The  nlninux  chl-Bi)uere  is  20.7. 


FIGURE  AX4,  Thtt  X'tay  specCrua  of  PKS  215S'X0.  The  speccral  index  is 
1.75  end  the  hydrogen  coluon  is  1.73x10^^,  The  DinlDun  chl'Squsre 


ncURE  AIS.  Ths  x-ray  apactrun  of  Z20M2  (BL  LAC).  Tha  ipeccral 
InijAX  la  2.23  and  Ch«  coluan  danslcy  la  1.0x10^*.  The  olnlBua  ehi- 
a^uare  value  la  S.O. 
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